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KANSAS SURFACE WATER QUALITY STANDARDS VARIANCE REGISTER 
SECTION ONE 


 


This consolidated list has been established per K.A.R. 28-16-28h and includes the water quality standards (WQS) variances that have been adopted by the State of Kansas and approved by the 
Environmental Protection Agency.  Because WQS variances will vary by request this list is divided in sections based on the variance name and initial approval date.  Sections will include narrative 
language and listing information for each approved WQS variance.  The Kansas Variance Register is updated as new variances are approved or during routine permit renewal cycles, which is 
dependent on the type of WQS variance being implemented. 


 
Abbreviations and Symbols: 
HUC =  hydrologic unit code a =  Secondary contact recreation stream segment is by law or written permission 


of the landowner open to and accessible by the public 
NPDES =  National Pollutant Discharge Elimination System b =  Secondary contact recreation stream segment is not open to and accessible by 


the public under Kansas law 
HAC =  Highest Attainable Condition DS =  designated for domestic water supply use 
SEG =  stream segment FP =  designated for food procurement use 
AL =  designated for aquatic life GR =  designated for ground water recharge 
S =  special aquatic life use IW =  designated for industrial water supply use 
E =  expected aquatic life use water IR =  designated for irrigation use 
R =  restricted aquatic life use water LW =  designated for livestock watering use 
CR =  designated for contact recreational use i =  individual variance 
A =  Primary contact recreation stream segment is designated public swimming area m =  multiple discharger variance 
B =  Primary contact recreation stream segment is by law or written permission of 


the landowner open to and accessible by the public 
* =  signifies a 101(a)(2) use (no asterisk signifies a non-101(a)(2) use) 


C =  Primary contact recreation stream segment is not open to and accessible by the 
public under Kansas law 


** = no or inadequate data to calculate HAC, monitoring is recommended 


 


The "Receiving Water Body" column of listings will be populated with the hydrologic unit code and segment number or the lake project number as identified in the "Kansas Surface Water Register" 
adopted by reference in K.A.R. 28-16-28g. 
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KANSAS SURFACE WATER QUALITY STANDARDS VARIANCE REGISTER 
SECTION TWO 


 


Variance Name:  Multiple-Discharger Wastewater Lagoon Ammonia Variance  


Prepared: October 31, 2017  


Process Description: 


The following municipal dischargers, referred to as discharger from this point forward, have been shown to be eligible, based on K.A.R. 28-16-28f(d), to receive a water quality standard variance to 
the numeric ammonia criteria, identified by K.A.R. 28-16-28e(c), as an alternative condition serving as the basis for the operating limit within their NPDES wastewater permits.  The requirements 
of the numeric ammonia criteria WQS variance are either the HAC identified at the time of the adoption of this variance or the HAC later identified during any reevaluation, whichever is more 
stringent.  The interim effluent condition shall be derived as the 99th percentile value or highest value of recent historical (e.g., last five years) effluent discharge water quality data, whichever is 
lower. This reflects the greatest pollution reduction achievable with current pollution control technologies installed when this variance is adopted along with the adoption and implementation of the 
Pollutant Minimization Plan (PMP) for each discharger, thus the HAC.   The HAC will be included as the permit limitations in NPDES permits of the variance recipients.  Compliance with the HAC 
will ensure no lowering of water quality throughout the 20 year term of the variance. Reevaluation and assessment of compliance and eligibility will occur for each discharger on a five-year cycle 
commensurate with the reissuance of their NPDES permit during the term of the variance, including opportunity for public input through the NPDES permitting process.  The term of this variance 
begins upon the receipt of the approval letter from EPA.  


Eligibility to employ the variance to the numeric ammonia criteria will be determined through existing financial data analyzed by the department utilizing the procedures outlined in the Kansas 
Department of Health and Environment "Kansas Eligibility Determination for Wastewater Lagoon Variances", dated July 11, 2016, which is hereby adopted by reference. The department has 
confirmed the existing use by the discharger of a multi-cell wastewater lagoon system for secondary treatment.  Additionally, the department has considered the growth or decline over the past ten 
years of the population served by the discharger's wastewater collection and treatment system.   The following dischargers are found to be eligible for the ammonia variance because installing 
technology required to meet effluent limits based on Kansas' ammonia criteria, would result in substantial and widespread economic and social impact. During the permit renewal process, eligible 
dischargers will be subject to the HAC, otherwise known as the alternate NPDES permit limitation, upon confirmation of eligibility for the Multiple-Discharger Wastewater Lagoon Ammonia 
Variance.   


Recipients of a variance to the numeric ammonia criteria will abide by a Pollutant Minimization Plan, issued by the department.  The Pollutant Minimization Plan will include requirements that the 
discharger will:  


     1) retain a certified operator as required by regulations;  
     2) provide reasonable and adequate maintenance of the existing wastewater treatment lagoon system; 
     3) maintain operation and performance of the existing lagoon system to comply with secondary treatment limitations;  
     4) does not allow industrial strength wastewater containing high concentrations of nitrogen to enter the existing lagoon system through the collection system or otherwise; 
     5) monitor the depth of accumulated sludge in each lagoon cell;  
     6) plan for expansion of the lagoon system should population and its associated pollutant loading approach the rated design capacity of the existing lagoon system.
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The department will evaluate the capacity of each discharger receiving a variance to incorporate any additional elements into their PMP, see the “Kansas Implementation Procedures: Surface Water 
Quality Standard” the Water Quality Standards Variance section, that further optimize their treatment of wastewater to further reduce discharged ammonia prior to the reissuance of the Discharger’s 
NPDES permit. 


Failure to reevaluate compliance and eligibility of the discharger prior to the reissuance of the discharger’s NPDES permit will result in effluent limits for ammonia based on the numeric ammonia 
criteria, within the Kansas regulations, for the next permit limits for ammonia imposed on the discharger. 


The reevaluation of the variance to the ammonia criteria shall be conducted every five years after the date of approval throughout the term of the variance.  The reevaluation will use all existing 
and readily available information and will be made available to the public for input for up to 60 days after the completion of the reevaluation.  In addition, the public will have every opportunity to 
provide public comment during each permit’s renewal process.   The variance to the ammonia criteria will no longer be the applicable water quality standard if: 


1) a reevaluation of the variance is not performed during a specified five year review period; or  
2) the results of the reevaluation are not submitted to United States Environmental Protection Agency (USEPA) within 30 day of completion. 


 
When such incidents occur the current ammonia criteria listed in the “Kansas Surface Water Quality Standards: Tables of Numeric Criteria,” as adopted by K.A.R. 28‐16‐28e(e), will be the 
applicable water quality standard until the reevaluation is completed and submitted to the USEPA. 


Multiple-Discharger Wastewater Lagoon Ammonia Variance Register Discharger List 


Discharger 


NPDES 
Permit 
Number 


KS Permit 
Number 


Receiving Water Body 
Type of 
Variance 
and Use 


Pollutant / 
Criterion 


Highest Attainable 
Interim Criteria 
Limit – Unit mg/L 
(May be seasonal) HUC8 


Segment or Lake 
Project Name Code 


Altamont, City of KS0045918 M-NE01-OO01 11070205 27 m* Ammonia n 


Americus, City of KS0047406 M-NE02-OO01 11070201 5 m* Ammonia n 


Arma, City of KS0045926 M-NE03-OO01 11070207 27 m* Ammonia n 


Bern, City of KS0047244 M-MO02-OO01 10240007 212 m* Ammonia n 


Chetopa, City of KS0031135 M-NE13-OO01 11070205 28 m* Ammonia n 


Dwight, City of KS0051675 M-NE20-OO01 11070201 30 m* Ammonia n 


Erie, City of KS0045977 M-NE25-OO01 11070205 15 m* Ammonia n 


Girard, City of KS0022551 M-NE31-OO01 11070205 44 m* Ammonia n 
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Discharger 


NPDES 
Permit 
Number 


KS Permit 
Number 


Receiving Water Body 
Type of 
Variance 
and Use 


Pollutant / 
Criterion 


Highest Attainable 
Interim Criteria 
Limit – Unit mg/L 
(May be seasonal) HUC8 


Segment or Lake 
Project Name Code 


Highland, City of KS0047457 M-MO09-OO01 10240005 339 m* Ammonia n 


Marion, City of KS0051691 M-NE45-OO01 11070202 3 m* Ammonia n 


Oswego, City of KS0047554 M-NE53-OO01 11070205 21 m* Ammonia n 


Seneca, City of KS0047538 M-MO19-OO01 10240007 16 m* Ammonia n 


St. Paul, City of KS0084174 M-NE59-OO02 11070205 LM053401 m* Ammonia n 


Strong City, City of KS0031178 M-NE63-OO01 11070203 19 m* Ammonia n 


Weir, City of KS0079146 M-NE67-OO01 11070207 26 m* Ammonia n 


Fairview, City of KS0098744 M-MO06-OO02 10240008 39 m* Ammonia n 


Galena, City of KS0048135 M-NE28-OO01 11070207 3 m* Ammonia n 


Hillsboro, City of KS0097896 M-NE35-OO02 11070202 456 m* Ammonia n 


Burlingame, City of KS0024694 M-MC07-OO01 10290101 80 m* Ammonia n 


Lane, City of KS0081515 M-MC19-OO01 10290101 51 m* Ammonia n 


Mulberry, City of KS0087467 M-MC27-OO01 10290104 324 m* Ammonia n 


Pomona, City of KS0029068 M-MC36-OO01 10290101 18 m* Ammonia n 


Tipton, City of KS0085219 M-SO42-OO01 10260014 21 m* Ammonia n 


Russell, City of KS0091367 M-SH31-OO02 10260006 13 m* Ammonia n 


Delphos, City of KS0092169 M-SO11-OO02 10260015 12 m* Ammonia n 


Hillsdale, City of KS0081396 M-MC60-OO01 10290102 25 m* Ammonia n 


Lucas, City of KS0095222 M-SA08-OO02 10260010 12 m* Ammonia n 
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Discharger 


NPDES 
Permit 
Number 


KS Permit 
Number 


Receiving Water Body 
Type of 
Variance 
and Use 


Pollutant / 
Criterion 


Highest Attainable 
Interim Criteria 
Limit – Unit mg/L 
(May be seasonal) HUC8 


Segment or Lake 
Project Name Code 


Melvern, City of KS0046027 M-MC23-OO01 10290101 42 m* Ammonia n 


Miltonvale, City of KS0021911 M-SH27-OO01 10260008 4 m* Ammonia n 


Moran, City of  KS0047490 M-MC25-OO01 10290104 12 m* Ammonia n 


Mound City, City of KS0047503 M-MC26-OO01 10290102 33 m* Ammonia n 


Natoma, City of KS0031160 M-SA10-OO01 10260009 7 m* Ammonia n 


Pleasanton, City of KS0116653 M-MC35-OO01 10290102 46 m* Ammonia n 


Princeton, City of KS0093891 M-MC38-OO01 10290101 50 m* Ammonia n 


Scranton, City of KS0031283 M-MC44-OO01 10290101 27 m* Ammonia n 


Eskridge, City of KS0046400 M-MC09-OO01 10290101 27 m* Ammonia n 


Osage City, City of KS0022675 M-MC29-OO01 10290101 29 m* Ammonia n 


Osborne, City of KS0092398 M-SO29-OO02 10260014 3 m* Ammonia n 


Plainville, City of KS0093165 M-SA14-OO02 10290009 7 m* Ammonia n 


Rantoul, City of KS0048119 M-MC40-OO01 10290101 3 m* Ammonia n 


Fontana, City of KS0095532 M-MC10-OO01 10290102 16 m* Ammonia n 


Williamsburg, City of KS0093203 M-MC50-OO02 10290101 1589 m* Ammonia n 


Glen Elder, City of KS0020982 M-SO18-OO01 10260015 18 m* Ammonia n 


Kensington, City of KS0093998 M-SO21-OO02 10260012 19 m* Ammonia n 


Oberlin, City of KS0098655 M-UR17-OO02 10250011 4 m* Ammonia n 


Overbrook, City of KS0046451 M-MC32-OO01 10290101 LM028001 m* Ammonia n 
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Discharger 


NPDES 
Permit 
Number 


KS Permit 
Number 


Receiving Water Body Type of 
Variance 
and Use 


Pollutant / 
Criterion 


Highest Attainable 
Interim Criteria 
Limit – Unit mg/L 
(May be seasonal) HUC8 


Segment or Lake 
Project Name Code 


Smith Center, City of KS0098221 M-SO38-OO02 10260012 10 m* Ammonia n 


WaKeeny, City of KS0099309 M-SH38-OO02 10260007 7 m* Ammonia n 


n ‐ The Highest Attainable Interim Criteria Limit shall be derived as the 99th percentile value or highest value of recent historical (e.g., last five years) effluent discharge water quality data, 
whichever is lower.  The Highest Attainable Interim Criteria Limit will be calculated when permits come up for renewal. 


 








GRAY BAT / All Threatened and Endangered Species / Threatened and Endangered Wildlife / Services / KDWPT - KDWPT


http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/All-Threatened-and-Endangered-Species/GRAY-BAT[12/21/2017 7:38:58 AM]


KANSAS: Endangered
FEDERAL: Endangered
Scientific Name: Myotis grisescens
CATEGORY: T&E
SPECIES CLASS: Mammals
Date Listed: E 1987
Recovery Plan: No


GRAY BAT
SPECIES DESCRIPTION


The Gray Myotis is the largest of the Myotis species occurring in the eastern U.S. It is distinguished
from all other bats within its range by its unicolored grayish brown dorsal fur. All other eastern bats
have bi- or tri-colored fur on their backs. The Gray Myotis is almost totally cave dwelling and
occupies a limited geographic range in limestone cave regions of the southeastern U.S. In Kansas,
the only known populations are dependent on storm sewers within the Cherokee Plain region in the
southeast corner of the state. Nearby streams with adjacent woodlands provide critical foraging
habitat. These bats seem to especially utilize woody stream corridors and even linear tree plantings
as travel lanes between storm sewer openings and their preferred foraging areas. Foraging is
generally over water.


SPECIES PROTECTION AND CRITICAL HABITATS:


Gray Myotis are protected by the Kansas Nongame and Endangered Species
Conservation Act, the Federal Endangered Species Act, and state and federal
regulations applicable to those acts. Any time an eligible project is proposed that
will impact the species’ preferred habitats within its probable range, the project
sponsor must contact the Ecological Services Section, Kansas Department of
Wildlife, Parks and Tourism, 512 SE 25th Ave., Pratt, Kansas 67124-8174.
Department personnel can then advise the project sponsor on permit requirements
under Kansas statutes. Sponsor of projects impacting Gray Myotis habitats must
also contact the Endangered Species Specialist, U.S. Fish and Wildlife Service, 315
Houston Street, Suite E, Manhattan, KS 66502.


DESIGNATED CRITICAL HABITATS


As defined by Kansas Administrative Regulations, critical habitats include those areas documented as currently supporting self-sustaining
population(s) of any threatened or endangered species of wildlife as well as those areas determined by the Kansas Department of Wildlife,
Parks and Tourism to be essential for the conservation of any threatened or endangered species of wildlife.


 


 Currently, the following areas are designated critical for Gray Myotis:


 (1) All portions of the storm sewer system under the City of Pittsburg in Crawford County that were in place as of May 1, 1981.
 (2) All suitable woodlands and water bodies within that portion of Crawford County encircled by a line beginning at the Kansas-Missouri
border in NE/4 Sec. 24, T29S, R25E, then extending due west to the NW corner Sec. 19, T29S, R24E, then due south to the SW corner Sec.
18, T31S, R24E, then due east to the Kansas-Missouri border at the SE/4 Sec. 13, T31S, R25E, then due north along the Kansas-Missouri
border to the point of origin.
 (3) All woodlands and waters within a corridor along the main stem Cow Creek from its entry into Cherokee County at Sec. 21, T31S, R25E
to its confluence with Spring River in Sec. 2, T33S, R25E, Cherokee County. The outermost boundaries of the corridor shall be along lines
150 yards landward from the stream’s ordinary high water mark on the right and left banks respectively.
 (4) All woodlands and waters within a corridor along the main stem Spring River from its point of entry into Kansas at Sec. 1 T33S, R25E, to
the Kansas Highway K-96 crossing in the S 1/2 Sec. 11, T33S, R25E, all in Cherokee County. The outermost boundaries of the corridor shall
be along lines 150 yards landward from the stream’s ordinary high water mark on the right and left banks respectively. The U.S. Fish and
Wildlife Service has authority to designate areas of critical habitat for federally listed endangered species, but has not done so for Gray
Myotis in Kansas.


     |     







GRAY BAT / All Threatened and Endangered Species / Threatened and Endangered Wildlife / Services / KDWPT - KDWPT


http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/All-Threatened-and-Endangered-Species/GRAY-BAT[12/21/2017 7:38:58 AM]


The following counties contain critical habitat for GRAY BAT:
Cherokee
Crawford



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Cherokee

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Crawford





Northern Long-eared Bat / All Threatened and Endangered Species / Threatened and Endangered Wildlife / Services / KDWPT - KDWPT


Northern Long-eared Bat - All Threatened and Endangered Species - Threatened and Endangered Wildlife - Services - KDWPT - KDWPT.htm[3/6/2018 8:40:36 AM]


KANSAS: SINC
FEDERAL: Candidate
Scientific Name: Myotis septentrionalis
CATEGORY: SINC
SPECIES CLASS: Mammals
Date Listed: SINC 2015
Recovery Plan: No


Northern Long-eared Bat
SPECIES DESCRIPTION


SPECIES PROTECTION AND CRITICAL HABITATS: DESIGNATED CRITICAL HABITATS
The following counties contain critical habitat for Northern Long-eared Bat:
There are no related objects.


     |     







WHOOPING CRANE / All Threatened and Endangered Species / Threatened and Endangered Wildlife / Services / KDWPT - KDWPT


http://ksoutdoors.com/...rint/Services/Threatened-and-Endangered-Wildlife/All-Threatened-and-Endangered-Species/WHOOPING-CRANE[12/21/2017 7:42:01 AM]


KANSAS: Endangered
FEDERAL: Endangered
Scientific Name: Grus americana
CATEGORY: T&E
SPECIES CLASS: Birds
Date Listed: E 1978
Recovery Plan: No


Bob Gress


WHOOPING CRANE
SPECIES DESCRIPTION


The Whooping Crane is the tallest (5 ft.) North American bird and has a 7-8 foot wing spread. Adults
are white with black wing tips and a red face. Young may be whitish gray with rusty wash color on
their head and neck and scattered reddish brown feathers over their back and sides.


 


 Whooping Cranes are regular spring and fall transients through Kansas, generally passing through
the marked corridor in March-April and October-November. Occurrences outside the marked corridor
have been infrequent but as crane populations increase, such sightings may become more frequent.
Preferred resting areas are wetlands in level to moderately rolling terrain away from human activity
where low, sparse vegetation permits ease of movement and an open view. During migration, cranes
feed on grain, frogs, crayfish, grasshoppers, fish, crickets, spiders, and aquatic plants.


SPECIES PROTECTION AND CRITICAL HABITATS:


The Whooping Crane is the tallest (5 ft.) North American bird and has a 7-8 foot
wing spread. Adults are white with black wing tips and a red face. Young may be
whitish gray with rusty wash color on their head and neck and scattered reddish
brown feathers over their back and sides.


 


Whooping Cranes are protected by the Kansas Nongame and Endangered Species
Conservation Act, the Federal Endangered Species Act, and state and federal
regulations applicable to those acts. Any time an eligible project is proposed that
will impact the species’ preferred habitats within its probable range, the project
sponsor must contact the Ecological Services Section, Kansas Department of
Wildlife, Parks and Tourism, 512 SE 25th Ave., Pratt, Kansas 67124-8174. Department personnel can then advise the project sponsor on
permit requirements under Kansas’ statutes. Sponsors of projects impacting
 critical Whooping Crane habitats must also contact the Endangered Species Office, U.S. Fish and Wildlife Service, 315 Houston Street,
Suite E, Manhattan, Kansas 66502.


DESIGNATED CRITICAL HABITATS


As defined by Kansas Administrative Regulations, critical habitats include those areas documented as currently supporting self-sustaining
population(s) of any threatened or endangered species of wildlife as well as those areas determined by the Kansas Department of Wildlife,
Parks and Tourism to be essential for the conservation of any threatened or endangered species of wildlife.


 


 Currently, the following areas are designated critical for Whooping Cranes:


 


 (1) All lands and waters within Cheyenne Bottoms Wildlife Area located east of U.S. Highway 281 and north of U.S. Highway 56 in Barton
County.
 (2) All lands and waters within Quivira National Wildlife Refuge in Stafford, Reno, and Rice counties.


     |     
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 The U.S. Fish and Wildlife Service has authority to designate areas of critical habitat for federally listed endangered species and has
designated the following in Kansas:


 Areas of land, water, and airspace with the following components: (1) Quivira National Wildlife Refuge in Stafford, Reno, and Rice counties;
(2) Cheyenne Bottoms State Waterfowl Management Area in Barton County. (50CFR17.95)


The following counties contain critical habitat for WHOOPING CRANE:
Barton
Reno
Rice
Stafford



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Barton

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Reno

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Rice

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Stafford





RED KNOT / All Threatened and Endangered Species / Threatened and Endangered Wildlife / Services / KDWPT - KDWPT


http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/All-Threatened-and-Endangered-Species/RED-KNOT[12/21/2017 7:45:39 AM]


KANSAS:
FEDERAL: Threatened
Scientific Name: Calidris canutus rufa
CATEGORY: T&E
SPECIES CLASS: Birds
Date Listed:
Recovery Plan: No


RED KNOT
SPECIES DESCRIPTION


SPECIES PROTECTION AND CRITICAL HABITATS: DESIGNATED CRITICAL HABITATS
The following counties contain critical habitat for RED KNOT:
There are no related objects.


     |     







NEOSHO MADTOM / All Threatened and Endangered Species / Threatened and Endangered Wildlife / Services / KDWPT - KDWPT


http://ksoutdoors.com/...rint/Services/Threatened-and-Endangered-Wildlife/All-Threatened-and-Endangered-Species/NEOSHO-MADTOM[12/21/2017 7:44:04 AM]


KANSAS: Threatened
FEDERAL: Threatened
Scientific Name: Noturus placidus
CATEGORY: T&E
SPECIES CLASS: Fishes
Date Listed: E 1978; T 1987
Recovery Plan: No


NEOSHO MADTOM
SPECIES DESCRIPTION


This is a small (3 in.) mottled dark-and light-brown catfish with dark bars on the tail and dusky streaks
on the dorsal and anal fins. Neosho Madtoms are found only in riffles and along sloping gravel bars
in relatively clear moderately-large rivers. Deep deposits of loose, 8-16 mm dia., rounded limestone
gravel in moderate to swift currents seems to be preferred. 
In Kansas, Neosho Madtoms are known only from the Cottonwood, Neosho, and Spring Rivers. They
occasionally be locally abundant but exhibit fluctuating densities at any specific locality.


SPECIES PROTECTION AND CRITICAL HABITATS:


Neosho Madtoms are protected by the Kansas Nongame and Endangered Species
Conservation Act, the Federal Endangered Species Act, and state and federal
regulations applicable to those acts. Any time an eligible project is proposed that
will impact the species’ preferred habitats within its probable range, the project
sponsor must contact the Ecological Services Section, Kansas Department of
Wildlife, Parks and Tourism, 512 SE 25th Ave., Pratt, Kansas 67124-8174.
Department personnel can then advise the project sponsor on permit requirements.
Sponsors of projects impacting Neosho Madtom habitats must also contact the
Endangered Species Office, U.S. Fish and Wildlife Service, 315 Houston Street,
Suite E, Manhattan, Kansas 66502.


DESIGNATED CRITICAL HABITATS


As defined by Kansas Administrative Regulations, critical habitats include those areas documented as currently supporting self-sustaining
population(s) of any threatened or endangered species of wildlife as well as those areas determined by the Kansas Department of Wildlife,
Parks and Tourism to be essential for the conservation of any threatened or endangered species of wildlife.


 


Currently, the following areas are designated critical for Neosho Madtoms:


(1) The main stem Cottonwood River from the point it enters Chase County at Sec. 1, T21S, R5E to its confluence with the Neosho River at
Sec. 23, T19S, R12E, Lyon County.
(2) The main stem Neosho River from its point of discharge from Council Grove Reservoir in Sec. 10, T16S, R8E, Morris County to the point
it leaves Lyon County in Sec. 15, T20S, R13E.
(3) The main stem Neosho River from its point of discharge from John Redmond Reservoir at Sec. 10, T21S, R15E. Coffey County to the
Kansas-Oklahoma border at Sec. 18, T35S, R22E, Cherokee County.
(4) The main stem Spring River from the Kansas-Missouri border to a point where it crosses the west boundary of Sec. 36, T33S, R25E,
Cherokee County.
(5) The main stem of the South Fork of the Cottonwood River in Chase County where it enters Sec. 14, T20S, R8E, until its confluence with
the Cottonwood River (Sec. 25, T19S, R8E). The U.S. Fish and Wildlife Service also has authority to designate areas of critical habitat for
federally listed endangered species, but has not done so for Neosho Madtoms in Kansas.


     |     
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The following counties contain critical habitat for NEOSHO MADTOM:
Allen
Chase
Cherokee
Coffey
Labette
Lyon
Morris
Neosho
Woodson



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Allen

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Chase

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Cherokee

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Coffey

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Labette

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Lyon

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Morris

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Neosho

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Woodson
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KANSAS: Endangered
FEDERAL: Endangered
Scientific Name: Lampsilis rafinesqueana
CATEGORY: T&E
SPECIES CLASS: Invertebrates
Date Listed: SINC 1987; E 1993
Recovery Plan: Yes


NEOSHO MUCKET MUSSEL
SPECIES DESCRIPTION


This freshwater mussel is elongated with a slightly rounded shell. The shell is relatively thin,
with a size of approximately 4 inches. There are prominent growth lines. The shell is light
brown and has a dull, waxy luster; it usually becomes dark brown with age. Green rays
usually cover the surface often chevron shaped during the first three years of growth.
 The species is an obligate riverine species preferring shallow clean flowing water in fine to
medium gravel substrates. Historically found in the Marais des Cygnes, Cottonwood, Spring,
Neosho, Verdigris, Fall and Caney River systems. Currently appears to be extirpated from
the Caney River and much reduced in numbers and distribution in the other river systems.


SPECIES PROTECTION AND CRITICAL HABITATS:


Neosho Mucket Mussels are protected by the Kansas Nongame and Endangered
Species Conservation Act and administrative regulations applicable thereto. Any
time an eligible project is proposed that will impact the species’ preferred habitats
within its probable range, the project sponsor must contact the Ecological Services
Section, Kansas Department of Wildlife, Parks and Tourism, 512 SE 25th Ave.,
Pratt, Kansas 67124-8174. Department personnel can then advise the project
sponsor on permit requirements.


DESIGNATED CRITICAL HABITATS


As defined by Kansas Administrative Regulations, critical habitats include those
areas documented as currently supporting self-sustaining population(s) of any
threatened or endangered species of wildlife as well as those areas determined by the Kansas Department of Wildlife, Parks and Tourism to
be essential for the conservation of any threatened or endangered species of wildlife.


 Currently, the following areas are designated critical for Neosho Mucket:


(1) Neosho River: from the Morris-Lyon county line to the maximum elevation of John Redmond Lake; from John Redmond dam to Kansas-
Oklahoma border (Coffey, Woodson, Allen, Neosho and Labette Co.).


(2) Spring River: from where the Spring River first enters Kansas to the backwater of Empire Lake; from Empire Lake dam to the Kansas-
Oklahoma border. (Cherokee Co.).


(3) Fall River: from the confluence of Spring Creek (south of Eureka) to Fall River Lake: from Fall River dam to its confluence with the
Verdigris River (Greenwood, Elk and Wilson Co.).


(4) Verdigris River: from Virgil to the confluence of West Creek (Greenwood County); from Toronto Lake dam to the Kansas-Oklahoma
border (Wilson and Montgomery Co.).


Neosho River: from the Morris-Lyon county line to John Redmond Lake; from Parsons city dam to the Kansas-Oklahoma
border (Morris, Lyon, Labette and Cherokee Co.).
Cottonwood River: from Elmdale to the river’s confluence with the Neosho River (Chase and Lyon Co.).
South Fork of the Cottonwood River: from Bazaar to the river's confluence with the Cottonwood River (Chase Co.).


     |     







NEOSHO MUCKET MUSSEL / All Threatened and Endangered Species / Threatened and Endangered Wildlife / Services / KDWPT - KDWPT


http://ksoutdoors.com/...ices/Threatened-and-Endangered-Wildlife/All-Threatened-and-Endangered-Species/NEOSHO-MUCKET-MUSSEL[12/21/2017 7:43:06 AM]


Spring River: from the confluence of Turkey Creek to the backwater of Empire Lake; from Empire Lake dam (Cherokee Co.)
to the Kansas-Oklahoma border.
Shoal Creek: from the Kansas-Missouri border to Empire Lake (Cherokee Co.).
Big Caney River: from US-166 (Chautauqua Co.) to the Kansas-Oklahoma border.
Elk River: from Elk Falls (Elk Co.) to Elk City Lake (Montgomery Co.).
Fall River: from K-99 to Fall River Lake (Greenwood Co.).
Otter Creek: from K-99 to Fall River Lake (Greenwood Co.).
Verdigris River: from Toronto Lake dam to K-47 (Wilson Co.), and from the city of Coffeyville (Montgomery Co.) to the
Kansas-Oklahoma border.


The following counties contain critical habitat for NEOSHO MUCKET MUSSEL:
Allen
Chase
Chautauqua
Cherokee
Coffey
Elk
Greenwood
Labette
Lyon
Montgomery
Morris
Neosho
Wilson
Woodson



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Allen

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Chase

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Chautauqua

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Cherokee

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Coffey

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Elk

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Greenwood

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Labette

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Lyon

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Montgomery

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Morris

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Neosho

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Wilson

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Woodson
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KANSAS: Threatened
FEDERAL: Threatened
Scientific Name: Charadrius melodus
CATEGORY: T&E
SPECIES CLASS: Birds
Date Listed: T 1987
Recovery Plan: No


PIPING PLOVER
SPECIES DESCRIPTION


The Piping Plover is a small (6-7 inches long) whitish plover the color of dry sand. It has a narrow
black band above the forehead which reaches from eye to eye, a complete or incomplete dark
ring around the neck, and yellow legs. In summer, the bill is yellow with a dark tip. In winter bill
and legs are dark.
 Piping Plovers are rare migrants through Kansas. They require sparsely vegetated shallow
wetlands and open beaches and sandbars adjacent to or within streams and impoundments.
Nesting has been recorded on sand bars along the Kansas River. Piping Plovers may occur
occasionally anywhere in the state where suitable habitat is found. The marked counties are the
only ones for which observation records are known.


SPECIES PROTECTION AND CRITICAL HABITATS:


Piping Plovers are protected by the Kansas Nongame and Endangered Species
Conservation Act, the Federal Endangered Species Act, and state and federal
regulations applicable to those acts. Any time an eligible project is proposed that
will impact the species’ preferred habitats within its probable range, the project
sponsor must contact the Ecological Services Section, Kansas Department of
Wildlife, Parks and Tourism, 512 SE 25th Ave., Pratt, Kansas 67124-8174.
Department personnel can then advise the project sponsor on permit requirements
under Kansas’ statutes. Sponsors of projects impacting Piping Plover habitats must
also contact the Endangered Species Specialist, U.S.
 Fish and Wildlife Service, 315 Houston Street, Suite E, Manhattan, Kansas 66502.


DESIGNATED CRITICAL HABITATS


As defined by Kansas Administrative Regulations, critical habitats include those areas documented as currently supporting self-sustaining
population(s) of any threatened or endangered species of wildlife as well as those areas determined by the Kansas Department of Wildlife,
Parks and Tourism to be essential for the conservation of any threatened or endangered species of wildlife.


 Currently, the following areas are designated critical for Piping Plovers:


 All the waters within a corridor along the main stem of the Kansas River from the confluence of the Smoky Hill River and Republican River
on Fort Riley in Geary County to the confluence of the Missouri River in Kansas City, Wyandotte County.


 The U.S. Fish and Wildlife Service has authority to designate areas of critical habitat for federally listed threatened species, but has not done
so for Piping Plovers in Kansas.


The following counties contain critical habitat for PIPING PLOVER:
Douglas
Geary
Jefferson
Johnson
Leavenworth
Pottawatomie
Riley


     |     



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Douglas

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Geary

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Jefferson

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Johnson

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Leavenworth

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Pottawatomie

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Riley
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Shawnee
Wabaunsee
Wyandotte



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Shawnee

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Wabaunsee

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Wyandotte





RABBITSFOOT MUSSEL / All Threatened and Endangered Species / Threatened and Endangered Wildlife / Services / KDWPT - KDWPT


http://ksoutdoors.com/...ervices/Threatened-and-Endangered-Wildlife/All-Threatened-and-Endangered-Species/RABBITSFOOT-MUSSEL[12/21/2017 7:46:21 AM]


KANSAS: Endangered
FEDERAL: Threatened
Scientific Name: Quadrula cylindrica
CATEGORY: T&E
SPECIES CLASS: Invertebrates
Date Listed: SINC 1987; E 1993
Recovery Plan: Yes


RABBITSFOOT MUSSEL
SPECIES DESCRIPTION


This freshwater mussel is an elongated, rectangular shaped shell, moderately inflated with thick to
moderately thick shell. The posterior ridge has longer, distinctive knobs. The exterior of the shell is
olive, sometimes yellow-brown and is usually covered with dark green or black triangles. The
nacre (inside of shell) is white. The shell can reach a maximum length of 4 inches.


 This riverine mussel requires clear streams with gravel substrate and moderate, stable currents.
Historically it occurred in the Neosho, Spring and Verdigris Rivers. Currently several known
populations occur in the Neosho and Spring Rivers.


SPECIES PROTECTION AND CRITICAL HABITATS:


 Rabbitsfoot Mussels are protected by the Kansas Nongame and Endangered
Species Conservation Act and administrative regulations applicable thereto. Any
time an eligible project is proposed that will impact the species' preferred habitats
within its probable range, the project sponsor must contact the Ecological Services
Section, Kansas Department of Wildlife, Parks and Tourism, 512 SE 25th Ave.,
Pratt, Kansas 67124-8174. Department personnel can then advise the project
sponsor on permit requirements.


DESIGNATED CRITICAL HABITATS


As defined by Kansas Administrative Regulations, critical habitats include those
areas documented as currently supporting self-sustaining population(s) of any
threatened or endangered species of wildlife as well as those areas determined by the Kansas Department of Wildlife, Parks and Tourism to
be essential for the conservation of any threatened or endangered species of wildlife.


 Currently, the following areas are designated critical for Rabbitsfoot Mussels:


(1) Spring River: from where the Spring River first enters Kansas to the confluence of Center Creek (Cherokee Co.); from the confluence of
Center Creek to the backwater of Empire Lake; from Empire Lake dam (Cherokee Co.) to the Kansas-Oklahoma border.


(2) Neosho River: from Iola to Humboldt (Allen Co.); from I-35 to the river's confluence with the Cottonwood River (Lyon County); from John
Redmond dam to the Kansas-Oklahoma border.


(3) Cottonwood River: from its confluence with the South Fork of the Cottonwood River (Chase Co.) to its confluence with the Neosho River
(Lyon Co.).


(4) Shoal Creek: from the Kansas-Oklahoma border to the backwater of Empire Lake (Cherokee Co.)


(5) Fall River: from the Fredonia city dam to the river's confluence with the Verdigris River (Wilson Co.).


(6) Verdigris River: from K-47 (Wilson Co.) to the Kansas-Oklahoma border.


The following counties contain critical habitat for RABBITSFOOT MUSSEL:
Allen


     |     



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Allen
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Chase
Cherokee
Coffey
Labette
Lyon
Montgomery
Neosho
Wilson
Woodson



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Chase

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Cherokee

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Coffey

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Labette

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Lyon

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Montgomery

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Neosho

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Wilson

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Woodson
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KANSAS: Endangered
FEDERAL: Threatened
Scientific Name: Notropis girardi
CATEGORY: T&E
SPECIES CLASS: Fishes
Date Listed: E 1987
Recovery Plan: No


Garold Sneegas


ARKANSAS RIVER SHINER
SPECIES DESCRIPTION


This small (usually less than 2 inches) shiner is straw-colored with silvery sides. Scattered brown
flecks occur on its sides behind the head. The anal fin has 8 rays compared to 7 on other shiner
species found in the same habitat. The Arkansas River Shiner formerly occurred throughout the
Arkansas River main stem and in that river’s major right bank tributary basins. The fish is extremely
dependent upon flood flows from June through August to successfully spawn. Declining streamflows
have now restricted its probable range in Kansas to a few stream reaches within the Lower Arkansas,
Salt Fork Arkansas and Cimarron basins. The fish occurs in the upper reaches of the Cimarron River
only during high streamflow events.


SPECIES PROTECTION AND CRITICAL HABITATS:


Arkansas River Shiners are protected by the Kansas Nongame and Endangered
Species Conservation Act, the Federal Endangered Species Act, and state and
federal regulations applicable to those acts. Any time an eligible project is proposed
that will impact the species’ preferred habitats within its probable range, the project
sponsor must contact the Ecological Services Section, Kansas Department of
Wildlife, Parks and Tourism, 512 SE 25th Ave., Pratt, Kansas 67124-8174.
Department personnel can then advise the project sponsor on permit requirements.


DESIGNATED CRITICAL HABITATS


As defined by Kansas Administrative Regulations, critical habitats include those areas documented as currently supporting self-sustaining
population(s) of any threatened or endangered species of wildlife as well as those areas determined by the Kansas Department of Wildlife,
Parks and Tourism to be essential for the conservation of any threatened or endangered species of wildlife. Currently, the following areas are
designated critical for Arkansas River Shiners:
 (1) All reaches of the main stem Cimarron River located within the state.
 (2) The main stem Arkansas River from the U.S. Highway 281 crossing Sec. 33, T19S,
 R13W, Barton County to the Kansas-Oklahoma border in Sec. 18, T35S, R5E, Cowley County.
 (3) The main stem South Fork Ninnescah River and main stem Ninnescah from the Pratt
 County Lake in Sec. 7, T28S, R12W, Pratt County to the Ninnescah-Arkansas confluence in Sec. 25, T31S, R2E, Sumner County.


The following counties contain critical habitat for ARKANSAS RIVER SHINER:
Barton
Clark
Comanche
Cowley
Grant
Haskell
Kingman
Meade
Morton
Pratt
Reno
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http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Barton

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Clark

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Comanche

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Cowley

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Grant

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Haskell

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Kingman

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Meade

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Morton

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Pratt

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Reno
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Rice
Sedgwick
Seward
Stevens
Sumner



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Rice

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Sedgwick

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Seward

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Stevens

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Sumner
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KANSAS: Threatened
FEDERAL: Endangered
Scientific Name: Notropis topeka
CATEGORY: T&E
SPECIES CLASS: Fishes
Date Listed: T 1978; SINC 1987; T 1999
Recovery Plan: Yes


Garold Sneegas


TOPEKA SHINER
SPECIES DESCRIPTION


The Topeka shiner is a small minnow, not exceeding 3 inches in length. Silvery-sided with a
well- defined dark stripe along the side. The tail fin has a black wedge-shaped spot at the
base, other fins are plain. Breeding males exhibit reddish-orange coloration on all fins.


 


 Historically, records show that this species was located in all but the southwest part of
Kansas. Now it is mainly found in the Flint Hills in east central Kansas and in Wallace County
in the far western part of the state. This species lives near the headwaters of small prairie
streams with high water quality and cool temperatures. These streams generally exhibit
intermittent flow during summer, however pools are maintained by spring or groundwater
percolation. The substrates of these streams are most often clean gravel, however bedrock
and clay hardpan overlain by a thin silt layer are not uncommon. Topeka shiners most often
occur in pool and run areas.


SPECIES PROTECTION AND CRITICAL HABITATS:


Topeka Shiners are protected by the Kansas Nongame and Endangered Species
Conservation Act, the Federal Endangered Species Act, and state and federal
regulations applicable to those acts. Any time an eligible project is proposed that
will impact the species’ preferred habitats within its probable range, the project
sponsor must contact the Ecological Services Section, Kansas Department of
Wildlife, Parks and Tourism, 512 SE 25th Ave., Pratt, Kansas 67124-8174.
Department personnel can then advise the project sponsor on permit requirements.
Sponsors of project impacting Topeka Shiner habitats must also contact the
Endangered Species Specialist, U.S. Fish and Wildlife Service, 315 Houston Street,
Suite E, Manhattan, Kansas 66502.


DESIGNATED CRITICAL HABITATS


As defined by Kansas Administrative Regulations, critical habitats include those areas documented as currently supporting self-sustaining
population(s) of any threatened or endangered species of wildlife as well as those areas determined by the Kansas Department of Wildlife,
Parks and Tourism to be essential for the conservation of any threatened or endangered species of wildlife.


 


 Currently, the following areas are designated critical for Topeka Shiners:


 (1) Thurman Creek and its tributaries in Chase County from where it enters the South Fork Cottonwood River (Sec. 28, T22S, R8E)
upstream to its headwaters (Sec. 34, T22S, R9E).
 (2) Thurman Creek and its tributaries in Greenwood County from where it crosses the Chase/Greenwood County line (Sec. 2, T23S, R8E)
upstream to its headwaters (Sec. 20, T23S, R9E).
 (3) South Fork Cottonwood River and its tributaries in Butler County from the Butler/Chase County line (Sec. 4, T23S, R8E) upstream to its
headwaters (Sec. 21, T23S, R8E).
 (4) Mercer Creek and its tributaries in Chase County from where it enters the South Fork Cottonwood River (Sec. 8, T22S, R8E) upstream to
the Chase/Butler County line (Sec. 31, T22S, R8E).
 (5) Little Cedar Creek and its tributaries in Chase County from where it enters the South Fork Cottonwood River (Sec. 8, T22S, R8E)
upstream to its headwaters (Sec. 7, T22S, R8E).


     |     
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 (6) Jacob Creek and its tributaries in Chase County from where it crosses the Chase/Lyon County line (Sec. 36, T19S, R9E) upstream to its
headwaters (Sec. 25, T20S, R9E).
 (7) Gannon Creek and its tributaries in Chase County from where it enters Diamond Creek (Sec. 10, T19S, R7E) upstream to its headwaters
(Sec. 11, T18S, R7E).
 (8) Schaffer Creek and its tributaries in Chase County from where it enters Diamond Creek (Sec. 19, T18S, R7E) upstream to its headwaters
in Morris County (Sec. 28, T17S, R7E).
 (9) Collett Creek and its tributaries in Chase County from where it enters Middle Creek (Sec. 18, T19S, R7E) upstream to its headwaters
(Sec. 27, T18S, R6E).
 (10) Cary Creek and its tributaries in Dickinson County from where it crosses the Dickinson/Geary County line (Sec. 6, T14S, R5E) upstream
to its headwaters (Sec. 33, T15S, R3E).
 (11) West Branch Lyon Creek and its tributaries in Dickinson County from where it enters Lyon Creek (Sec. 2, T15S, R4E) upstream to its
headwaters (Sec. 16, T16S, R3E).
 (12) North Elm Creek and its tributaries in Marshall County from where it enters the Big Blue River (Sec. 14, T1S, R7E) upstream to its
headwaters (Sec. 19, T1S, R9E).
 (13) Mulberry Creek and its tributaries in Morris County from where it enters Six-mile Creek (Sec. 21, T17S, R6E) upstream to its
headwaters (Sec. 25, T17S, R5E).
 (14) Clear Fork Creek and its tributaries in Pottawatomie County from where it crosses the Pottawatomie/Marshall County line (Sec. 2, T6S,
R9E) upstream to its headwaters (Sec. 28, T6S, R10E).
 (15) Deep Creek main stem in Riley County from where it crosses the Riley/Wabaunsee County line (Sec. 22, T10S, R9E) upstream to
Interstate Highway 70 (Sec. 25, T11S, R9E).
 (16) Mission Creek main stem in Shawnee County from where it crosses State Highway 4 (Sec. 9, T12S, R14E) upstream into Wabaunsee
County through Sec. 2, T13S, R12E.
 (17) Mill Creek and its tributaries in Wabaunsee County from where it crosses Interstate Highway 70 (Sec. 27, T11S, R11E) upstream to
where it crosses State Highway 99 (Sec. 26, T13S, R10E).
 (18) Mulberry Creek main stem in Wabaunsee County from where it enters Mill Creek (Sec. 25, T11S, R11E) upstream to its headwaters
(Sec. 6, T11S, R11E).
 (19) Willow Creek main stem in Wallace County from where it enters the Smoky Hill River (Sec. 17, T13S, R41W) upstream through Sec. 3,
T13S, R41W.
 Numerous main stem and tributary reaches of: Rock Creek, Sharpes Creek, Bloody Creek, Crocker Creek, Fox Creek, Diamond Creek and
Middle Creek in Chase County; Lyon Creek in Dickinson County; Davis Creek, Thomas Creek and Dry Creek in Geary County; Mud Creek
and Middle Creek in Marion County; Diamond Creek in Morris County; Walnut Creek, Wildcat Creek, Little Arkansas Creek and Seven-mile
Creek in Riley County. Detailed maps showing specific designated stream reaches in these counties are maintained in the Ecological
Services Section, Pratt Operations Office.


The following counties contain critical habitat for TOPEKA SHINER:
Butler
Chase
Dickinson
Geary
Greenwood
Marion
Marshall
Morris
Pottawatomie
Riley
Shawnee
Wabaunsee
Wallace



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Butler

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Chase

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Dickinson

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Geary

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Greenwood

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Marion

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Marshall

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Morris

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Pottawatomie

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Riley

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Shawnee

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Wabaunsee

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Wallace
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KANSAS:
FEDERAL: Endangered
Scientific Name: Cumberlandia monodonta
CATEGORY: T&E
SPECIES CLASS: Invertebrates
Date Listed:
Recovery Plan: No


Spectaclecase (mussel)
SPECIES DESCRIPTION


SPECIES PROTECTION AND CRITICAL HABITATS: DESIGNATED CRITICAL HABITATS
The following counties contain critical habitat for Spectaclecase (mussel):
There are no related objects.


     |     
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KANSAS: Endangered
FEDERAL: Endangered
Scientific Name: Scaphirhynchus albus
CATEGORY: T&E
SPECIES CLASS: Fishes
Date Listed: E 1978
Recovery Plan: No


PALLID STURGEON
SPECIES DESCRIPTION


The Pallid Sturgeon may reach a length of 60 inches, but no Kansas specimens have been
seen that were longer than 30 inches. The belly is entirely naked of scales and the barbels
across the snout are unequal in length, the outer pair being longer. Pallid Sturgeons prefer the
main channel of large excessively turbid rivers, frequenting areas of swift currents over firm
sand substrate.
 In Kansas, Pallid Sturgeons are restricted to the main stem of the Missouri River. Although
Pallid Sturgeons have occurred in the Kansas River at Lawrence during flood flows, the river
does not seem to provide permanent suitable habitat.


SPECIES PROTECTION AND CRITICAL HABITATS:


Pallid Sturgeons are protected by the Kansas Nongame and Endangered Species
Conservation Act, the Federal Endangered Species Act, and state and federal
regulations applicable to those acts. Any time an eligible project is proposed that
will impact the species’ preferred habitats within its probable range, the project
sponsor must contact the Ecological Services Section, Kansas Department of
Wildlife, Parks and Tourism, 512 SE 25th Ave., Pratt, Kansas 67124-8174.
Department personnel can then advise the project sponsor on permit requirements.
Sponsors of projects impacting Pallid Sturgeon habitats must also contact the
Endangered Species Specialist, U.S. Fish and Wildlife Service, 315 Houston Street,
Suite E, Manhattan, Kansas 66502.


DESIGNATED CRITICAL HABITATS


As defined by Kansas Administrative Regulations, critical habitats include those areas documented as currently supporting self-sustaining
populations(s) of any threatened or endangered species of wildlife as well as those areas determined by the Kansas Department of Wildlife,
Parks and Tourism to be essential for the conservation of any threatened or endangered species of wildlife. Currently, the following areas are
designated critical for Pallid Sturgeons:


 


 (1) All Kansas reaches of the main stem Missouri River that are congruent with the Kansas-
 Missouri border.


 The U.S. Fish and Wildlife Service also has authority to designate areas of critical habitat for federally listed endangered species, but has not
done so for Pallid Sturgeons.


The following counties contain critical habitat for PALLID STURGEON:
Atchison
Doniphan
Leavenworth
Wyandotte


     |     



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Atchison

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Doniphan

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Leavenworth

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Wyandotte
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KANSAS: Endangered
FEDERAL: Endangered
Scientific Name: Sterna antillarum
CATEGORY: T&E
SPECIES CLASS: Birds
Date Listed: T 1978; E 1987
Recovery Plan: No


LEAST TERN
SPECIES DESCRIPTION


This smallest of the North American terns is 8-10 inches long with a wingspread of about 20 inches.
The adult is white below and grayish above with a black cap and white forehead. The leading edge
of the wing primaries is also black.


 Least Terns are summer residents in Kansas. Nesting birds have been recorded in six central and
western Kansas counties, Jeffery Energy Center and along the Kansas River. Terns require barren
areas near water such as saline flats in salt marshes, sand bars in river beds, and shores of large
impoundments. A dependable food supply of small fish and aquatic crustaceans must be nearby.


 Least Terns may occur accidentally or occasionally as transients anywhere in the state. The marked
counties are the only ones for which reliable records are known.


SPECIES PROTECTION AND CRITICAL HABITATS:


Least Terns are protected by the Kansas Nongame and Endangered Species
Conservation Act, the Federal Endangered Species Act, and state and federal
regulations applicable to those acts. Any time a project is proposed that will likely
impact the critical habitats designated below, the project sponsor must contact the
Ecological Services Section, Kansas Department of Wildlife, Parks and Tourism,
512 SE 25th Ave., Pratt, Kansas 67124-8174. Department personnel can then
advise the project sponsor on permit requirements under Kansas statutes.
Sponsors of project impacting Least Tern habitats must also contact the
Endangered Species Specialist, U.S. Fish and Wildlife Service, 315 Houston Street,
Suite E, Manhattan, Kansas 66502.


DESIGNATED CRITICAL HABITATS


As defined by Kansas Administrative Regulations, critical habitats include those areas documented as currently supporting self-sustaining
population(s) of any threatened or endangered species of wildlife as well as those areas determined by the Kansas Department of Wildlife,
Parks and Tourism to be essential for the conservation of any threatened or endangered species of wildlife.


 Currently, the following areas are designated critical for Least Terns:


 (1 ) All lands and waters within the current active main stem channel of those reaches of the Cimarron River located in Clark, Comanche,
and Meade counties.
 (2) All lands and waters within the boundaries of Cheyenne Bottoms Wildlife Area in Barton County.
 (3) All lands and waters within Quivira National Wildlife Refuge in Stafford, Reno, and Rice counties.
 (4) In Pottawatomie County, all lands and water within 5 miles of the Jeffrey Energy Center, Secs. 6 & 7, T9S, R12E) and (Secs. 1, 12, T9S,
R11E).
(5) All the waters within a corridor along the main stem of the Kansas River from the confluence of the Smoky Hill River and Republican River
on Fort Riley in Geary County to the confluence of the Missouri River in Kansas City, Wyandotte County.


 The U.S. Fish and Wildlife Service has authority to designate areas of critical habitat for federally listed endangered species, but has not
done so for Least Terns in Kansas.


The following counties contain critical habitat for LEAST TERN:
Barton


     |     



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Barton
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Clark
Comanche
Douglas
Geary
Jackson
Jefferson
Johnson
Leavenworth
Meade
Pottawatomie
Reno
Rice
Riley
Shawnee
Stafford
Wabaunsee
Wyandotte



http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Clark

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Comanche

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Douglas

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Geary

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Jackson

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Jefferson

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Johnson

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Leavenworth

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Meade

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Pottawatomie

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Reno

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Rice

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Riley

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Shawnee

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Stafford

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Wabaunsee

http://ksoutdoors.com/layout/set/print/Services/Threatened-and-Endangered-Wildlife/List-of-all-Kansas-Counties/Wyandotte
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December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0223
Event Code: 06E21000-2018-E-00511 
Project Name: City of Altamont


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0223


Event Code: 06E21000-2018-E-00511


Project Name: City of Altamont


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/37.18983777573244N95.2937030574647W


Counties: Labette, KS



https://www.google.com/maps/place/37.18983777573244N95.2937030574647W
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Endangered Species Act Species
There is a total of 5 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/2577


Threatened


Clams


NAME STATUS


 Neosho Mucket Lampsilis rafinesqueana
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/3788


Endangered


 Rabbitsfoot Quadrula cylindrica cylindrica
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/5165


Threatened


Insects


NAME STATUS


 American Burying Beetle Nicrophorus americanus
Population: Wherever found, except where listed as an experimental population
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/66


Endangered



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/2577

https://ecos.fws.gov/ecp/species/3788

https://ecos.fws.gov/ecp/species/5165

https://ecos.fws.gov/ecp/species/66
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Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.







December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0224
Event Code: 06E21000-2018-E-00513 
Project Name: City of Americus


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0224


Event Code: 06E21000-2018-E-00513


Project Name: City of Americus


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.50551581629123N96.2599991209233W


Counties: Lyon, KS



https://www.google.com/maps/place/38.50551581629123N96.2599991209233W
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Endangered Species Act Species
There is a total of 4 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/2577


Threatened


 Topeka Shiner Notropis topeka (=tristis)
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/4122


Endangered


Clams


NAME STATUS


 Neosho Mucket Lampsilis rafinesqueana
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/3788


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/2577

https://ecos.fws.gov/ecp/species/4122

https://ecos.fws.gov/ecp/species/3788





December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0225
Event Code: 06E21000-2018-E-00515 
Project Name: City of Arma


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0225


Event Code: 06E21000-2018-E-00515


Project Name: City of Arma


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/37.544197368605815N94.70489961540599W


Counties: Crawford, KS



https://www.google.com/maps/place/37.544197368605815N94.70489961540599W
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Endangered Species Act Species
There is a total of 3 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Gray Bat Myotis grisescens
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/6329


Endangered


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/6329

https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/8204





December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0226
Event Code: 06E21000-2018-E-00517 
Project Name: City of Bern


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List







12/14/2017 Event Code: 06E21000-2018-E-00517   1


   


Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0226


Event Code: 06E21000-2018-E-00517


Project Name: City of Bern


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.96194806733486N95.97151336033728W


Counties: Nemaha, KS



https://www.google.com/maps/place/39.96194806733486N95.97151336033728W
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Endangered Species Act Species
There is a total of 1 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045





December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0208
Event Code: 06E21000-2018-E-00481 
Project Name: City of Chetopa


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0208


Event Code: 06E21000-2018-E-00481


Project Name: City of Chetopa


Project Type: WATER QUALITY MODIFICATION


Project Description: Critical habitats
Potential effects to critical habitat(s) in this location must be analyzed
along with the endangered species themselves.


This location overlaps the critical habitat for the following species:


FinalNeosho Mucket
Lampsilis rafinesqueana


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/37.03855222494309N95.08943817982365W


Counties: Labette, KS



https://www.google.com/maps/place/37.03855222494309N95.08943817982365W
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Endangered Species Act Species
There is a total of 5 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/2577


Threatened


Clams


NAME STATUS


 Neosho Mucket Lampsilis rafinesqueana
There is  critical habitat for this species  Your location overlaps the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/3788


Endangered


 Rabbitsfoot Quadrula cylindrica cylindrica
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/5165


Threatened


Insects


NAME STATUS


 American Burying Beetle Nicrophorus americanus
Population: Wherever found, except where listed as an experimental population
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/66


Endangered



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/2577

https://ecos.fws.gov/ecp/species/3788

https://ecos.fws.gov/ecp/species/5165

https://ecos.fws.gov/ecp/species/66
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Critical habitats


There is 1 critical habitat wholly or partially within your project area under this office's
jurisdiction.


NAME STATUS


 Neosho Mucket Lampsilis rafinesqueana
https://ecos.fws.gov/ecp/species/3788#crithab


Final



https://ecos.fws.gov/ecp/species/3788#crithab





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0104
Event Code: 06E21000-2018-E-00266 
Project Name: City of Dwight


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0104


Event Code: 06E21000-2018-E-00266


Project Name: City of Dwight


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.852899620605854N96.5914660868897W


Counties: Geary, KS | Morris, KS



https://www.google.com/maps/place/38.852899620605854N96.5914660868897W
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Endangered Species Act Species
There is a total of 3 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/2577


Threatened


 Topeka Shiner Notropis topeka (=tristis)
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/4122


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/2577

https://ecos.fws.gov/ecp/species/4122





December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0227
Event Code: 06E21000-2018-E-00519 
Project Name: City of Erie


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0227


Event Code: 06E21000-2018-E-00519


Project Name: City of Erie


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/37.568936269877256N95.24640791194025W


Counties: Neosho, KS



https://www.google.com/maps/place/37.568936269877256N95.24640791194025W
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Endangered Species Act Species
There is a total of 5 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/2577


Threatened


Clams


NAME STATUS


 Neosho Mucket Lampsilis rafinesqueana
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/3788


Endangered


 Rabbitsfoot Quadrula cylindrica cylindrica
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/5165


Threatened


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/2577

https://ecos.fws.gov/ecp/species/3788

https://ecos.fws.gov/ecp/species/5165

https://ecos.fws.gov/ecp/species/8204
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THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.







December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0228
Event Code: 06E21000-2018-E-00521 
Project Name: City of Girard


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0228


Event Code: 06E21000-2018-E-00521


Project Name: City of Girard


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/37.52133665143138N94.834227401423W


Counties: Crawford, KS



https://www.google.com/maps/place/37.52133665143138N94.834227401423W
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Endangered Species Act Species
There is a total of 3 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Gray Bat Myotis grisescens
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/6329


Endangered


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/6329

https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/8204





December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0229
Event Code: 06E21000-2018-E-00523 
Project Name: City of Highland


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0229


Event Code: 06E21000-2018-E-00523


Project Name: City of Highland


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.86363698338022N95.26320967113739W


Counties: Doniphan, KS



https://www.google.com/maps/place/39.86363698338022N95.26320967113739W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Pallid Sturgeon Scaphirhynchus albus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/7162


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/7162





December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0230
Event Code: 06E21000-2018-E-00525 
Project Name: City of Marion


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the







12/14/2017 Event Code: 06E21000-2018-E-00525   2


   


human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0230


Event Code: 06E21000-2018-E-00525


Project Name: City of Marion


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.351259829044764N97.0222636194352W


Counties: Marion, KS



https://www.google.com/maps/place/38.351259829044764N97.0222636194352W
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Endangered Species Act Species
There is a total of 3 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/2577


Threatened


 Topeka Shiner Notropis topeka (=tristis)
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/4122


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/2577

https://ecos.fws.gov/ecp/species/4122





December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0231
Event Code: 06E21000-2018-E-00527 
Project Name: City of Oswego


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0231


Event Code: 06E21000-2018-E-00527


Project Name: City of Oswego


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/37.16343997313783N95.10557581185756W


Counties: Labette, KS



https://www.google.com/maps/place/37.16343997313783N95.10557581185756W
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Endangered Species Act Species
There is a total of 5 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/2577


Threatened


Clams


NAME STATUS


 Neosho Mucket Lampsilis rafinesqueana
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/3788


Endangered


 Rabbitsfoot Quadrula cylindrica cylindrica
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/5165


Threatened


Insects


NAME STATUS


 American Burying Beetle Nicrophorus americanus
Population: Wherever found, except where listed as an experimental population
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/66


Endangered



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/2577

https://ecos.fws.gov/ecp/species/3788

https://ecos.fws.gov/ecp/species/5165

https://ecos.fws.gov/ecp/species/66
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Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.







December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0232
Event Code: 06E21000-2018-E-00529 
Project Name: City of Seneca


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0232


Event Code: 06E21000-2018-E-00529


Project Name: City of Seneca


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.84000333618147N96.06772470056642W


Counties: Nemaha, KS



https://www.google.com/maps/place/39.84000333618147N96.06772470056642W
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Endangered Species Act Species
There is a total of 1 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045





December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0233
Event Code: 06E21000-2018-E-00531 
Project Name: City of St. Paul


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0233


Event Code: 06E21000-2018-E-00531


Project Name: City of St. Paul


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/37.66668945302074N97.74747408684914W


Counties: Sedgwick, KS



https://www.google.com/maps/place/37.66668945302074N97.74747408684914W
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Endangered Species Act Species
There is a total of 3 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Least Tern Sterna antillarum
Population: interior pop.
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/8505


Endangered


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/8505

https://ecos.fws.gov/ecp/species/758





December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0234
Event Code: 06E21000-2018-E-00533 
Project Name: City of Strong City


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0234


Event Code: 06E21000-2018-E-00533


Project Name: City of Strong City


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.39679158936407N96.53767375838333W


Counties: Chase, KS



https://www.google.com/maps/place/38.39679158936407N96.53767375838333W





12/14/2017 Event Code: 06E21000-2018-E-00533   3


   


Endangered Species Act Species
There is a total of 4 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/2577


Threatened


 Topeka Shiner Notropis topeka (=tristis)
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/4122


Endangered


Clams


NAME STATUS


 Neosho Mucket Lampsilis rafinesqueana
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/3788


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/2577

https://ecos.fws.gov/ecp/species/4122

https://ecos.fws.gov/ecp/species/3788





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0105
Event Code: 06E21000-2018-E-00268 
Project Name: City of Weir


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474


This project's location is within the jurisdiction of multiple offices. Expect additional species list
documents from the following office, and expect that the species and critical habitats in each
document reflect only those that fall in the office's jurisdiction:


Missouri Ecological Services Field Office
101 Park Deville Drive
Suite A
Columbia, MO 65203-0057
(573) 234-2132
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Project Summary
Consultation Code: 06E21000-2018-SLI-0105


Event Code: 06E21000-2018-E-00268


Project Name: City of Weir


Project Type: WATER QUALITY MODIFICATION


Project Description: Critical habitats


Potential effects to critical habitat(s) in this location must be analyzed
along with the endangered species themselves.


This location overlaps the critical habitat for the following species:


Final


Neosho Mucket 
Lampsilis rafinesqueana


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/37.29689729706306N94.84272000561644W


Counties: Cherokee, KS | Crawford, KS | Labette, KS | Neosho, KS | Jasper, MO



https://www.google.com/maps/place/37.29689729706306N94.84272000561644W





12/06/2017 Event Code: 06E21000-2018-E-00268   3


   


Endangered Species Act Species
There is a total of 7 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Gray Bat Myotis grisescens
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/6329


Endangered


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/2577


Threatened


Clams


NAME STATUS


 Neosho Mucket Lampsilis rafinesqueana
There is  critical habitat for this species  Your location overlaps the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/3788


Endangered


 Rabbitsfoot Quadrula cylindrica cylindrica
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/5165


Threatened



https://ecos.fws.gov/ecp/species/6329

https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/2577

https://ecos.fws.gov/ecp/species/3788

https://ecos.fws.gov/ecp/species/5165
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Insects


NAME STATUS


 American Burying Beetle Nicrophorus americanus
Population: Wherever found, except where listed as an experimental population
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/66


Endangered


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats


There is 1 critical habitat wholly or partially within your project area under this office's
jurisdiction.


NAME STATUS


 Neosho Mucket Lampsilis rafinesqueana
https://ecos.fws.gov/ecp/species/3788#crithab


Final



https://ecos.fws.gov/ecp/species/66

https://ecos.fws.gov/ecp/species/8204

https://ecos.fws.gov/ecp/species/3788#crithab





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0106
Event Code: 06E21000-2018-E-00271 
Project Name: City of Fairview


Subject: Updated list of threatened and endangered species that may occur in your proposed
project location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474


This project's location is within the jurisdiction of multiple offices. Expect additional species list
documents from the following office, and expect that the species and critical habitats in each
document reflect only those that fall in the office's jurisdiction:


Nebraska Ecological Services Field Office
9325 B South Alda Rd.
Wood River, NE 68883-9565
(308) 382-6468
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Project Summary
Consultation Code: 06E21000-2018-SLI-0106


Event Code: 06E21000-2018-E-00271


Project Name: City of Fairview


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.92217532511913N95.70588088291143W


Counties: Brown, KS | Nemaha, KS | Richardson, NE



https://www.google.com/maps/place/39.92217532511913N95.70588088291143W
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Endangered Species Act Species
There is a total of 1 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0107
Event Code: 06E21000-2018-E-00274 
Project Name: City of Galena


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0107


Event Code: 06E21000-2018-E-00274


Project Name: City of Galena


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/37.07076976220338N94.63410948603124W


Counties: Cherokee, KS



https://www.google.com/maps/place/37.07076976220338N94.63410948603124W
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Endangered Species Act Species
There is a total of 4 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/2577


Threatened


Clams


NAME STATUS


 Neosho Mucket Lampsilis rafinesqueana
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/3788


Endangered


 Rabbitsfoot Quadrula cylindrica cylindrica
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/5165


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/2577

https://ecos.fws.gov/ecp/species/3788

https://ecos.fws.gov/ecp/species/5165





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0108
Event Code: 06E21000-2018-E-00276 
Project Name: City of Hillsboro


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0108


Event Code: 06E21000-2018-E-00276


Project Name: City of Hillsboro


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.3639574977916N97.22411202240826W


Counties: Marion, KS



https://www.google.com/maps/place/38.3639574977916N97.22411202240826W
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Endangered Species Act Species
There is a total of 3 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/2577


Threatened


 Topeka Shiner Notropis topeka (=tristis)
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/4122


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/2577

https://ecos.fws.gov/ecp/species/4122





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0109
Event Code: 06E21000-2018-E-00278 
Project Name: City of Burlingame


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0109


Event Code: 06E21000-2018-E-00278


Project Name: City of Burlingame


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.763362207162366N95.83271611305732W


Counties: Osage, KS



https://www.google.com/maps/place/38.763362207162366N95.83271611305732W
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Endangered Species Act Species
There is a total of 1 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Flowering Plants


NAME STATUS


 Western Prairie Fringed Orchid Platanthera praeclara
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/1669


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/1669





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0110
Event Code: 06E21000-2018-E-00280 
Project Name: City of Lane


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0110


Event Code: 06E21000-2018-E-00280


Project Name: City of Lane


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.448028042173775N95.08311261833578W


Counties: Franklin, KS | Miami, KS



https://www.google.com/maps/place/38.448028042173775N95.08311261833578W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/8204





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0111
Event Code: 06E21000-2018-E-00282 
Project Name: City of Mulberry


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474


This project's location is within the jurisdiction of multiple offices. Expect additional species list
documents from the following office, and expect that the species and critical habitats in each
document reflect only those that fall in the office's jurisdiction:


Missouri Ecological Services Field Office
101 Park Deville Drive
Suite A
Columbia, MO 65203-0057
(573) 234-2132
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Project Summary
Consultation Code: 06E21000-2018-SLI-0111


Event Code: 06E21000-2018-E-00282


Project Name: City of Mulberry


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/37.55991013568142N94.61869788036438W


Counties: Crawford, KS | Barton, MO



https://www.google.com/maps/place/37.55991013568142N94.61869788036438W
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Endangered Species Act Species
There is a total of 3 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Gray Bat Myotis grisescens
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/6329


Endangered


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/6329

https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/8204





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0112
Event Code: 06E21000-2018-E-00284 
Project Name: City of Pomona


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0112


Event Code: 06E21000-2018-E-00284


Project Name: City of Pomona


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.60551263094004N95.45308318223468W


Counties: Franklin, KS



https://www.google.com/maps/place/38.60551263094004N95.45308318223468W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/8204





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0113
Event Code: 06E21000-2018-E-00287 
Project Name: City of Tipton


Subject: Updated list of threatened and endangered species that may occur in your proposed
project location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0113


Event Code: 06E21000-2018-E-00287


Project Name: City of Tipton


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.36471332368288N98.46819901497855W


Counties: Mitchell, KS | Osborne, KS



https://www.google.com/maps/place/39.36471332368288N98.46819901497855W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/758





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0114
Event Code: 06E21000-2018-E-00289 
Project Name: City of Russell


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0114


Event Code: 06E21000-2018-E-00289


Project Name: City of Russell


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.924907264767896N98.77332808470257W


Counties: Osborne, KS | Russell, KS



https://www.google.com/maps/place/38.924907264767896N98.77332808470257W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/758





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0115
Event Code: 06E21000-2018-E-00291 
Project Name: City of Delphos


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0115


Event Code: 06E21000-2018-E-00291


Project Name: City of Delphos


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.278686249573795N97.76581028357361W


Counties: Ottawa, KS



https://www.google.com/maps/place/39.278686249573795N97.76581028357361W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/758





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0116
Event Code: 06E21000-2018-E-00293 
Project Name: City of Hillsdale


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List







12/06/2017 Event Code: 06E21000-2018-E-00293   1


   


Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0116


Event Code: 06E21000-2018-E-00293


Project Name: City of Hillsdale


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.69404345089639N94.84422460759427W


Counties: Johnson, KS | Miami, KS



https://www.google.com/maps/place/38.69404345089639N94.84422460759427W
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Endangered Species Act Species
There is a total of 3 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Pallid Sturgeon Scaphirhynchus albus
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/7162


Endangered


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/7162

https://ecos.fws.gov/ecp/species/8204





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0117
Event Code: 06E21000-2018-E-00300 
Project Name: City of Lucas


Subject: Updated list of threatened and endangered species that may occur in your proposed
project location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0117


Event Code: 06E21000-2018-E-00300


Project Name: City of Lucas


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.009855224096825N98.53757253713495W


Counties: Lincoln, KS | Russell, KS



https://www.google.com/maps/place/39.009855224096825N98.53757253713495W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/758





December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0235
Event Code: 06E21000-2018-E-00535 
Project Name: City of Melvern


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the







12/14/2017 Event Code: 06E21000-2018-E-00535   2


   


human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474







12/14/2017 Event Code: 06E21000-2018-E-00535   2


   


Project Summary
Consultation Code: 06E21000-2018-SLI-0235


Event Code: 06E21000-2018-E-00535


Project Name: City of Melvern


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.504922427097796N95.65292513436879W


Counties: Osage, KS



https://www.google.com/maps/place/38.504922427097796N95.65292513436879W
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Endangered Species Act Species
There is a total of 1 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Flowering Plants


NAME STATUS


 Western Prairie Fringed Orchid Platanthera praeclara
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/1669


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/1669





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0118
Event Code: 06E21000-2018-E-00308 
Project Name: City of Miltonvale


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0118


Event Code: 06E21000-2018-E-00308


Project Name: City of Miltonvale


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.345416021558066N97.45112330762002W


Counties: Cloud, KS



https://www.google.com/maps/place/39.345416021558066N97.45112330762002W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/758





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0119
Event Code: 06E21000-2018-E-00310 
Project Name: City of Moran


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0119


Event Code: 06E21000-2018-E-00310


Project Name: City of Moran


Project Type: WATER QUALITY MODIFICATION


Project Description: There are no critical habitats at this location.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/37.88341391878867N95.09877057104357W


Counties: Allen, KS | Bourbon, KS



https://www.google.com/maps/place/37.88341391878867N95.09877057104357W
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Endangered Species Act Species
There is a total of 5 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Fishes


NAME STATUS


 Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/2577


Threatened


Clams


NAME STATUS


 Neosho Mucket Lampsilis rafinesqueana
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/3788


Endangered


 Rabbitsfoot Quadrula cylindrica cylindrica
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/5165


Threatened



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/2577

https://ecos.fws.gov/ecp/species/3788

https://ecos.fws.gov/ecp/species/5165
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Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/8204





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0120
Event Code: 06E21000-2018-E-00312 
Project Name: City of Mound City


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List







12/06/2017 Event Code: 06E21000-2018-E-00312   1


   


Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0120


Event Code: 06E21000-2018-E-00312


Project Name: City of Mound City


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.15048510691699N94.81132239137027W


Counties: Linn, KS



https://www.google.com/maps/place/38.15048510691699N94.81132239137027W
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Endangered Species Act Species
There is a total of 3 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Clams


NAME STATUS


 Spectaclecase (mussel) Cumberlandia monodonta
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/7867


Endangered


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/7867

https://ecos.fws.gov/ecp/species/8204





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0121
Event Code: 06E21000-2018-E-00314 
Project Name: City of Natoma


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the







12/06/2017 Event Code: 06E21000-2018-E-00314   2


   


human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0121


Event Code: 06E21000-2018-E-00314


Project Name: City of Natoma


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.19101573001021N99.00488367659668W


Counties: Osborne, KS | Rooks, KS



https://www.google.com/maps/place/39.19101573001021N99.00488367659668W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/758





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0122
Event Code: 06E21000-2018-E-00316 
Project Name: City of Pleasanton


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474


This project's location is within the jurisdiction of multiple offices. Expect additional species list
documents from the following office, and expect that the species and critical habitats in each
document reflect only those that fall in the office's jurisdiction:


Missouri Ecological Services Field Office
101 Park Deville Drive
Suite A
Columbia, MO 65203-0057
(573) 234-2132
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Project Summary
Consultation Code: 06E21000-2018-SLI-0122


Event Code: 06E21000-2018-E-00316


Project Name: City of Pleasanton


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.22724052700158N94.70303960101862W


Counties: Linn, KS | Bates, MO



https://www.google.com/maps/place/38.22724052700158N94.70303960101862W
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Endangered Species Act Species
There is a total of 3 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Clams


NAME STATUS


 Spectaclecase (mussel) Cumberlandia monodonta
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/7867


Endangered


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/7867

https://ecos.fws.gov/ecp/species/8204





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0123
Event Code: 06E21000-2018-E-00318 
Project Name: City of Princeton


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0123


Event Code: 06E21000-2018-E-00318


Project Name: City of Princeton


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.488666433861475N95.27603596964794W


Counties: Franklin, KS



https://www.google.com/maps/place/38.488666433861475N95.27603596964794W





12/06/2017 Event Code: 06E21000-2018-E-00318   3


   


Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/8204





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0124
Event Code: 06E21000-2018-E-00320 
Project Name: City of Scranton


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0124


Event Code: 06E21000-2018-E-00320


Project Name: City of Scranton


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.78057028777501N95.72362034196183W


Counties: Osage, KS



https://www.google.com/maps/place/38.78057028777501N95.72362034196183W
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Endangered Species Act Species
There is a total of 1 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Flowering Plants


NAME STATUS


 Western Prairie Fringed Orchid Platanthera praeclara
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/1669


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/1669





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0125
Event Code: 06E21000-2018-E-00322 
Project Name: City of Eskridge


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the







12/06/2017 Event Code: 06E21000-2018-E-00322   2


   


human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0125


Event Code: 06E21000-2018-E-00322


Project Name: City of Eskridge


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.87173347407326N96.14591803736812W


Counties: Wabaunsee, KS



https://www.google.com/maps/place/38.87173347407326N96.14591803736812W
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Endangered Species Act Species
There is a total of 4 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Least Tern Sterna antillarum
Population: interior pop.
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/8505


Endangered


 Piping Plover Charadrius melodus
Population: [Atlantic Coast and Northern Great Plains populations] - Wherever found, except
those areas where listed as endangered.
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/6039


Threatened


Fishes


NAME STATUS


 Topeka Shiner Notropis topeka (=tristis)
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/4122


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/8505

https://ecos.fws.gov/ecp/species/6039

https://ecos.fws.gov/ecp/species/4122
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JURISDICTION.







December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0126
Event Code: 06E21000-2018-E-00324 
Project Name: City of Osage City


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0126


Event Code: 06E21000-2018-E-00324


Project Name: City of Osage City


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.67369277342961N95.82319915330991W


Counties: Osage, KS



https://www.google.com/maps/place/38.67369277342961N95.82319915330991W
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Endangered Species Act Species
There is a total of 1 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Flowering Plants


NAME STATUS


 Western Prairie Fringed Orchid Platanthera praeclara
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/1669


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/1669





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0127
Event Code: 06E21000-2018-E-00326 
Project Name: City of Osborne


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0127


Event Code: 06E21000-2018-E-00326


Project Name: City of Osborne


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.45720599235892N98.75242753494408W


Counties: Osborne, KS | Smith, KS



https://www.google.com/maps/place/39.45720599235892N98.75242753494408W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/758





December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0236
Event Code: 06E21000-2018-E-00537 
Project Name: City of Plainville


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0236


Event Code: 06E21000-2018-E-00537


Project Name: City of Plainville


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.2200132395483N99.30530336940905W


Counties: Rooks, KS



https://www.google.com/maps/place/39.2200132395483N99.30530336940905W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/758





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0128
Event Code: 06E21000-2018-E-00328 
Project Name: City of Rantoul


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the







12/06/2017 Event Code: 06E21000-2018-E-00328   2


   


human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0128


Event Code: 06E21000-2018-E-00328


Project Name: City of Rantoul


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.54874857729155N95.10137905896728W


Counties: Franklin, KS



https://www.google.com/maps/place/38.54874857729155N95.10137905896728W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/8204





December 14, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0237
Event Code: 06E21000-2018-E-00539 
Project Name: City of Fontana


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0237


Event Code: 06E21000-2018-E-00539


Project Name: City of Fontana


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.45772413988563N94.81876196238815W


Counties: Linn, KS | Miami, KS



https://www.google.com/maps/place/38.45772413988563N94.81876196238815W
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Endangered Species Act Species
There is a total of 3 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Clams


NAME STATUS


 Spectaclecase (mussel) Cumberlandia monodonta
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/7867


Endangered


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/7867

https://ecos.fws.gov/ecp/species/8204





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0129
Event Code: 06E21000-2018-E-00330 
Project Name: City of Williamsburg


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0129


Event Code: 06E21000-2018-E-00330


Project Name: City of Williamsburg


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.535118714431434N95.45026717603777W


Counties: Anderson, KS | Franklin, KS | Osage, KS



https://www.google.com/maps/place/38.535118714431434N95.45026717603777W
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Endangered Species Act Species
There is a total of 3 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


 Western Prairie Fringed Orchid Platanthera praeclara
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/1669


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/8204

https://ecos.fws.gov/ecp/species/1669





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0130
Event Code: 06E21000-2018-E-00332 
Project Name: City of Glen Elder


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0130


Event Code: 06E21000-2018-E-00332


Project Name: City of Glen Elder


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.47846586145406N98.30914454578942W


Counties: Mitchell, KS



https://www.google.com/maps/place/39.47846586145406N98.30914454578942W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/758





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0132
Event Code: 06E21000-2018-E-00336 
Project Name: City of Kensington


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0132


Event Code: 06E21000-2018-E-00336


Project Name: City of Kensington


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.76533562403943N99.03197779144821W


Counties: Smith, KS



https://www.google.com/maps/place/39.76533562403943N99.03197779144821W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.


Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/758





December 06, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0133
Event Code: 06E21000-2018-E-00338 
Project Name: City of Oberlin


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0133


Event Code: 06E21000-2018-E-00338


Project Name: City of Oberlin


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.825280665246524N100.53027067402218W


Counties: Decatur, KS



https://www.google.com/maps/place/39.825280665246524N100.53027067402218W
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Endangered Species Act Species
There is a total of 1 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .


Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/758





December 07, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0134
Event Code: 06E21000-2018-E-00343 
Project Name: City of Overbrook


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0134


Event Code: 06E21000-2018-E-00343


Project Name: City of Overbrook


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/38.85244860984598N95.548519798408W


Counties: Douglas, KS | Osage, KS | Shawnee, KS



https://www.google.com/maps/place/38.85244860984598N95.548519798408W
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Endangered Species Act Species
There is a total of 6 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Least Tern Sterna antillarum
Population: interior pop.
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/8505


Endangered


Fishes


NAME STATUS


 Pallid Sturgeon Scaphirhynchus albus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/7162


Endangered


 Topeka Shiner Notropis topeka (=tristis)
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/4122


Endangered



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/8505

https://ecos.fws.gov/ecp/species/7162

https://ecos.fws.gov/ecp/species/4122
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Flowering Plants


NAME STATUS


 Mead's Milkweed Asclepias meadii
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/8204


Threatened


 Western Prairie Fringed Orchid Platanthera praeclara
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/1669


Threatened


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/8204

https://ecos.fws.gov/ecp/species/1669





December 07, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0135
Event Code: 06E21000-2018-E-00345 
Project Name: City of Smith Center


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0135


Event Code: 06E21000-2018-E-00345


Project Name: City of Smith Center


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.848521326937586N98.77123883622896W


Counties: Smith, KS



https://www.google.com/maps/place/39.848521326937586N98.77123883622896W
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Endangered Species Act Species
There is a total of 2 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Mammals


NAME STATUS


 Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045


Threatened


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/9045

https://ecos.fws.gov/ecp/species/758





December 07, 2017


United States Department of the Interior
FISH AND WILDLIFE SERVICE
Kansas Ecological Services Field Office


2609 Anderson Avenue
Manhattan, KS 66502-2801


Phone: (785) 539-3474 Fax: (785) 539-8567


In Reply Refer To:
Consultation Code: 06E21000-2018-SLI-0136
Event Code: 06E21000-2018-E-00347 
Project Name: City of WaKeeney


Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of your
proposed project and/or may be affected by your proposed project. The species list fulfills the
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 ).et seq.


New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the
Act, the accuracy of this species list should be verified after 90 days. This verification can be
completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the
Act and its implementing regulations (50 CFR 402 ), Federal agencies are required toet seq.
utilize their authorities to carry out programs for the conservation of threatened and endangered
species and to determine whether projects may affect threatened and endangered species and/or
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
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human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that
listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:


http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF


Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 ), and projects affecting these species may requireet seq.
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.


Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.


We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.


Attachment(s):


Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the
requirement for Federal agencies to "request of the Secretary of the Interior information whether
any species which is listed or proposed to be listed may be present in the area of a proposed
action".


This species list is provided by:


Kansas Ecological Services Field Office
2609 Anderson Avenue
Manhattan, KS 66502-2801
(785) 539-3474
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Project Summary
Consultation Code: 06E21000-2018-SLI-0136


Event Code: 06E21000-2018-E-00347


Project Name: City of WaKeeney


Project Type: WATER QUALITY MODIFICATION


Project Description: THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.


Project Location:
 Approximate location of the project can be viewed in Google Maps:


https://www.google.com/maps/place/39.02206774538648N99.8831932505314W


Counties: Trego, KS



https://www.google.com/maps/place/39.02206774538648N99.8831932505314W
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Endangered Species Act Species
There is a total of 1 threatened, endangered, or candidate species on this species list. Species on
this list should be considered in an effects analysis for your project and could include species
that exist in another geographic area. For example, certain fish may appear on the species list
because a project could affect downstream species. See the "Critical habitats" section below for
those critical habitats that lie wholly or partially within your project area under this office's
jurisdiction. Please contact the designated FWS office if you have questions.


Birds


NAME STATUS


 Whooping Crane Grus americana
Population: Wherever found, except where listed as an experimental population
There is  critical habitat for this species  Your location is outside the critical habitat.final .
Species profile: https://ecos.fws.gov/ecp/species/758


Endangered


Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S
JURISDICTION.



https://ecos.fws.gov/ecp/species/758



		City of Altamont

		City of Americus

		City of Arma

		City of Bern

		City of Chetopa

		City of Dwight

		City of Erie

		City of Girard

		City of Highland

		City of Marion

		City of Oswego

		City of Seneca

		City of St. Paul

		City of Strong City

		City of Weir

		City of Fairview
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		City of Pleasanton
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		City of Eskridge

		City of Osage City

		City of Osborne

		City of Plainville

		City of Rantoul

		City of Fontana

		City of Williamsburg

		City of Glen Elder

		City of Kensington

		City of Oberlin

		City of Overbrook

		City of Smith Center

		City of Wakeeney
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FOREWORD 


This water quality criteria update provides scientific recommendations to states and tribes 


authorized to establish water quality standards under the Clean Water Act (CWA), to protect 


aquatic life from acute and chronic effects of ammonia in freshwater ecosystems.  Under the 


CWA, states and tribes are to establish water quality criteria to protect designated uses.  State 


and tribal decision makers retain the discretion to adopt approaches on a case-by-case basis that 


differ from those used in these criteria when appropriate.  While this update constitutes United 


States Environmental Protection Agency (EPA) scientific recommendations regarding ambient 


concentrations of ammonia that protect freshwater aquatic life, this update does not substitute for 


the CWA or EPA’s regulations; nor is it a regulation itself.  Thus, it cannot impose legally 


binding requirements on EPA, states, tribes, or the regulated community, and might not apply to 


a particular situation based upon the circumstances.  EPA may change these criteria in the future, 


as new scientific information becomes available.  This document has been approved for 


publication by the Office of Science and Technology, Office of Water, U.S. Environmental 


Protection Agency.  Mention of trade names or commercial products does not constitute 


endorsement or recommendation for use. 
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EXECUTIVE SUMMARY 


EPA has updated the freshwater ammonia aquatic life ambient water quality criteria in 


accord with the provisions of Section 304(a) of the Clean Water Act to revise Ambient Water 


Quality Criteria (AWQC) from time to time in order to reflect the latest scientific knowledge.  


Literature searches for laboratory toxicity tests of ammonia on freshwater aquatic life, published 


from1985 to 2012, identified new studies containing acute and chronic toxicity data acceptable 


for criteria derivation.  The acute criterion dataset includes 12 species of aquatic animals 


Federally-listed as threatened, endangered or species of concern.  In the chronic dataset for 


ammonia, Federally-listed species are represented by three salmonid fish species in the genus 


Oncorhynchus, including sockeye salmon, rainbow trout/steelhead, and the subspecies Lahontan 


cutthroat trout.  Data were assessed from the perspective of EPA’s “Guidelines for Deriving 


Numerical National Water Quality Criteria for the Protection of Aquatic Organisms and Their 


Uses” (Stephan et al. 1985). 


The 1999 recommended aquatic life criteria for ammonia were based on the most 


sensitive endpoints known at the time: the acute criterion was based primarily on effects on 


salmonids (where present) or other fish, and the chronic criterion was based primarily on 


reproductive effects on the benthic invertebrate Hyalella or on survival and growth of fish early 


life stages (when present), depending on temperature and season. 


The 2013 recommended criteria of this document take into account data for several 


sensitive freshwater mussel species in the Family Unionidae that had not previously been tested.  


As noted in the 2009 draft ammonia criteria document, available data indicated that another 


freshwater mollusk taxon, non-pulmonate (gill-bearing) snails, are also sensitive to the effects of 


ammonia (EPA-822-D-09-001).  The 2013 criteria include additional data confirming the 


sensitivity of freshwater non-pulmonate snails.  Many states in the continental United States have 


freshwater unionid mussel fauna in at least some of their waters (Abell et al. 2000, Williams et 


al. 1993, Williams and Neves 1995).  Moreover, approximately one-quarter of approximately 


300 freshwater unionid mussel taxa in the United States are Federally-listed as endangered or 


threatened species.  Freshwater mussels are broadly distributed across the U.S., as are freshwater 


non-pulmonate snails, another sensitive invertebrate taxon, and both of these groups are now 


included in the ammonia dataset.  Thus, the 2013 freshwater acute and chronic aquatic life 


criteria for ammonia will more fully protect the aquatic community than previous criteria, and 
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are represented by a single (non-bifurcated) value each for acute and chronic criteria.  


The criteria magnitude is affected by pH and temperature.  After analysis of the new data, 


EPA determined that the pH and temperature relationships established in the 1999 ammonia 


criterion document still hold.  When expressed as total ammonia nitrogen (TAN), the effect 


concentrations for fish are normalized only for pH, reflecting the minimal influence of 


temperature on TAN toxicity to fish.  For invertebrates, TAN effect concentrations are 


normalized for both pH and temperature.  At water temperatures greater than 15.7°C, the 2013 


acute criterion magnitude is determined primarily by effects on freshwater unionid mussels.  At 


lower temperatures the acute criterion magnitude is based primarily on effects on salmonids and 


other fish.  Throughout the temperature range, the 2013 chronic criterion magnitude is 


determined primarily by the effects on freshwater mollusks, particularly unionid mussels. 


At an example pH of 7 and temperature of 20°C, the 2013 acute criterion magnitude is 17 


mg TAN/L and the chronic criterion magnitude is 1.9 mg TAN/L.  At pH 7 and 20°C the 2013 


acute criterion magnitude is 1.4-fold lower than the 1999 acute criterion magnitude.  At this pH 


and temperature, the 2013 chronic criterion magnitude is 2.4-fold lower than the 1999 chronic 


criterion magnitude.  See the Criterion Statements (pages 40-49) for the criterion concentrations 


at other pH and temperature conditions.  The decreases in acute and chronic criteria magnitudes 


below those of 1999 reflect the inclusion of the new data discussed above. 


The acute criterion duration represents a one-hour average.  The chronic criterion 


duration represents a 30-day rolling average with the additional restriction that the highest 4-day 


average within the 30 days be no greater than 2.5 times the chronic criterion magnitude.  These 


values are not to be exceeded more than once in 3 years on average. 
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Criterion 


Duration 


1999 AWQC 


Update Criteria 


Magnitude 


2009 Draft AWQC 


Update Criteria
c 


Magnitude 


2013 AWQC 


Update Criteria 


Magnitude 


pH 8.0, 
(mg TAN/L) 


pH 7.0, 


T=20°C 
(mg TAN/L) 


pH 8.0, 


T=25°C 
(mg TAN/L) 


pH 7.0, 


T=20°C 
(mg TAN/L) 


pH 7.0, 


T=20°C 
(mg TAN/L) 


Acute 


(1-hr average) 
5.6


a
 24


a 
2.9


 
19 17


a
 


Chronic 


(30-d rolling 


average) 


1.2 4.5
b
 0.26


 
0.91


 
1.9* 


*Not to exceed 2.5 times CCC or 4.8 mg TAN/L (at pH 7, 20°C) as a 4-day average within the 30-days, 


more than once in three years on average. 


Criteria frequency: Not to be exceeded more than once in three years on average. 


a
 Salmonids present 


b
 Based on renormalization of data to pH 7 and 20°C 


c 
Mussels present 
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ACRONYMS 


 


ACR  Acute-Chronic Ratio 


ASTM  American Society of Testing and Materials 


AWQC Ambient Water Quality Criteria 


CCC  Criterion Continuous Concentration 


CMC  Criterion Maximum Concentration 


CV  Chronic Value (expressed in this document as an EC20 or MATC) 


CWA  Clean Water Act 


ECx  Effect Concentration at X Percent Effect Level 


LCx  Lethal Concentration at X Percent Survival Level 


EPA  Environmental Protection Agency 


ESA  Endangered Species Act 


FACR  Final Acute-Chronic Ratio 


FAV  Final Acute Value 


FCV  Final Chronic Value 


GMACR Genus Mean Acute-Chronic Ratio 


GMAV Genus Mean Acute Value 


GMCV Genus Mean Chronic Value 


LOEC  Lowest Observed Effect Concentration 


MATC Maximum Acceptable Toxicant Concentration (expressed mathematically as the 


geometric mean of the NOEC and LOEC) 


NOEC  No Observed Effect Concentration 


SD  Sensitivity Distribution 


SMACR Species Mean Acute-Chronic Ratio 


SMAV  Species Mean Acute Value 


SMCV  Species Mean Chronic Value 


TAN  Total Ammonia Nitrogen 


TRAP EPA’s Statistical Program: Toxicity Relationship Analysis Program (Version 


1.21) 


WER  Water Effect Ratio 
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INTRODUCTION AND BACKGROUND 


National Ambient Water Quality Criteria (AWQC) are established by the United States 


Environmental Protection Agency (EPA) under the Clean Water Act (CWA).  EPA will review 


and from time to time revise 304(a) AWQC as necessary to ensure the criteria are consistent with 


the latest scientific information.  Section 304(a) aquatic life criteria serve as recommendations to 


states and tribes in defining ambient water concentrations that will protect against adverse 


ecological effects to aquatic life resulting from exposure to a pollutant found in water from direct 


contact or ingestion of contaminated water and/or food.  Aquatic life criteria address the CWA 


goals of providing for the protection and propagation of fish and shellfish.  When adopted into 


state standards, these criteria can become a basis for establishing permit limits and Total 


Maximum Daily Loads (TMDLs).  


EPA first published aquatic life criteria recommendations for ammonia in 1976, followed 


nine years later by the 1985 criteria revision, which used updated procedures and additional 


information.  The 1985 acute ammonia criterion was calculated from acute values expressed as 


unionized ammonia and normalized for pH (8.0) for all freshwater aquatic animals, and 


temperature (20°C) for freshwater fish only.  Because the fraction of total ammonia that is 


unionized varies with pH and temperature, the 1985 toxicity data normalizations with unionized 


ammonia were necessarily structured differently than the current document’s normalizations with 


total ammonia nitrogen.  Because the 1985 chronic toxicity dataset was more limited than is 


available now, the 1985 chronic criterion was calculated by dividing the Final Acute Value by an 


acute-chronic ratio (ACR).  The 1985 acute and chronic criteria concentrations were 19 and 1.2 


mg/L expressed as total ammonia nitrogen at pH 7 and temperature 20
°
C for salmonids or other 


coldwater species present (e.g., rainbow trout).  The durations for these criteria were one-hour 


(acute) and four-day (chronic) averaging periods.  The 1985 freshwater acute criterion dataset 


was composed of acute values from tests involving 41 species (29 fish and 12 invertebrate) 


representing 34 genera (18 fish and 16 invertebrate).  The data available for invertebrates at the 


time indicated they were not among the more acutely-sensitive organisms to ammonia.  


In 1999 EPA revised the 1985 freshwater ammonia criteria to incorporate newer data, 


better models, and improved statistical methods.  For its acute criterion, the revision included a 


re-examination of the temperature and pH relationships underlying the 1985 acute criterion, 


reworked from the perspective of total ammonia nitrogen rather than unionized ammonia.  For its 
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chronic criterion, EPA developed relationships for formulating a seasonal, pH- and temperature-


dependent relationship, in part because the chronic criterion was based on endpoints that might 


not be of concern during cold-season conditions (e.g., fish early life stages).  EPA analyzed all of 


the freshwater chronic data used in the 1985 criteria document as well as newer chronic data and 


was able to directly calculate a chronic criterion instead of calculating it from the acute criterion 


with an ACR.  EPA did not conduct a comprehensive literature search for and critical review of 


all of the acute toxicity data published after 1985, but focused on the chronic criteria, in response 


to scientific issues raised by the public.  Thus, the 1999 acute criterion relied on acute tests 


reported in Table 1 in the 1985 criteria document, supplemented by a limited number of newer 


studies relevant to the revised pH relationship. 


The 1999 criteria were based on the most sensitive endpoints known at the time: the acute 


criterion was based primarily on effects on fish throughout the temperature range, and the 


chronic criterion was based primarily on effects on benthic macroinvertebrates or fish early life 


stages (when present), depending on temperature and season.  For the 1999 acute criterion the 


effect concentrations for fish were normalized for pH only, reflecting the minimal influence of 


temperature on total ammonia toxicity to fish.  The 1999 acute criterion was not adjusted for 


temperature because invertebrates that were included in the dataset, mollusks included, were not 


among the species highly sensitive to ammonia, thus, the invertebrate temperature slope did not 


affect the formulation of the 1999 acute criterion.  The 1999 chronic criterion was adjusted for 


pH for fish and for pH and temperature for invertebrates.  The chronic averaging period was 


increased from a 4- to a 30-day average in the 1999 update; the rationale for this change was 


based on analysis of chronic data from fathead minnow laboratory tests of different exposure 


durations and exposure concentrations with “limited variability” (see detailed discussion in the 


Problem Formulation of this document under Chronic Measures of Effect).  For chronic toxicity, 


the 1999 updated dataset consisted of nine values representing four invertebrate and five fish 


genera.  Two of the four most chronically sensitive species were invertebrates (the benthic 


amphipod Hyalella azteca and the bivalve mollusk, Musculium transversum).  Missing were 


representative chronic values for the genus Oncorhynchus (salmonid) and an insect genus, 


although in both of these cases the calculation of the fifth percentile directly from the GMCVs in 


Table 5 of the 1999 update was deemed to adequately protect the freshwater aquatic community.  
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In 2004 EPA published a Federal Register Notice indicating its intent to re-evaluate the 


freshwater ammonia criteria and requesting new information on ammonia toxicity to freshwater 


mussel species in the Family Unionidae.  This action was taken in response to concerns from 


U.S. Fish and Wildlife Service (USFWS) and mussel researchers about the sensitivity of unionid 


mussels to ammonia (summarized by Augspurger et al. 2003).  The current document takes into 


account all such data, new toxicity data obtained by a search of the literature for all other species, 


and updated analyses of tests previously included in the 1999 document.  


In 2009, EPA published a draft ammonia criteria document that included all available 


new data on the toxicity of ammonia to freshwater mussels (EPA-822-D-09-001).  The draft 


2009 document incorporated new toxicity data in the acute and chronic dataset while retaining 


the relationships describing the influence of pH and temperature on ammonia toxicity established 


in the 1999 criteria.  The 2009 acute dataset represented 67 genera, including 12 species of 


freshwater mussels, compared to only 34 genera in the 1999 AWQC.  Freshwater bivalve 


mollusks and snails were the predominant groups of genera ranked in the lowest (most sensitive) 


quartile, and the four most acutely sensitive genera were all bivalves.  The 2009 chronic dataset 


incorporated two new fish species and new data for three freshwater mussel species, which 


represented two of the four most sensitive genera.  The draft 2009 criteria recommendations 


were bifurcated, with a set of acute and chronic criteria values for waters with mussels present 


that reflects their greater sensitivity to ammonia, and a different set of criteria values for waters 


where mussels are absent.  Including the new acceptable data for freshwater unionid mussels, the 


draft 2009 acute and chronic criteria magnitudes, respectively, were 19 and 0.91 mg TAN/L 


adjusted to pH 7.0 and 20°C. 


For this 2013 update, EPA conducted a new literature search for both acute and chronic 


toxicity data and reanalyzed data considered in the 1999 criteria and the 2009 draft.  EPA 


reviewed results from this literature search and reanalysis of previously considered data to 


identify data from laboratory toxicity tests that quantify the adverse effects of ammonia on 


freshwater aquatic life (amphibians, fishes, and macroinvertebrates), with particular attention 


given to tests conducted with freshwater unionid mussels and non-pulmonate snails, since such 


data were not available for many of these species previously.  While unionid mussel species are 


not prevalent in some waters, such as in the arid west, non-pulmonate snails are broadly 


distributed across the U.S.  Thus, considering that freshwater unionid mussels are among the 
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most sensitive genera in the dataset, and that all states have at least one freshwater unionid 


mussel or bivalve mollusk, or non-pulmonate snail species, another relatively sensitive mollusk 


group, native or present in at least some of their waters, EPA is recommending a single national 


acute and a single national chronic criterion be applied to all waters rather than different criteria 


based on the presence or absence of mussels. 


EPA also conducted a separate search and analysis of any relevant new data specific for 


freshwater mussels to evaluate whether the existing pH-acute TAN toxicity relationship 


established in the 1999 update document similarly applies to this group of invertebrates.  Based 


on the results of the literature review, EPA concludes that the same pH and temperature 


relationships used to account for the influence of these two abiotic factors on ammonia toxicity 


in the 1999 AWQC document are still applicable (e.g., see Additional Explanation and 


Justification Supporting the 2013 Temperature and pH-Dependent Calculations and Criteria 


Magnitudes section for additional details, pg. 50). 


 


PROBLEM FORMULATION 


Problem formulation provides a strategic framework for water quality criteria 


development by focusing the effects assessment on the most relevant chemical properties and 


endpoints.  The structure of this effects assessment is consistent with EPA’s Guidelines for 


Ecological Risk Assessment (U.S. EPA 1998)  


This ecological effects assessment defines scientifically-defensible water quality criteria 


values for ammonia under section 304(a)(1) of the Clean Water Act.  The goal of the Clean 


Water Act is to protect and restore the biological, chemical and physical integrity of waters of 


the U.S.  Clean Water Act Section 304(a)(1) requires EPA to develop criteria for water quality 


that accurately reflect the latest scientific knowledge.  These criteria are based solely on data and 


best professional scientific judgments on toxicological effects.  Criteria are developed following 


the guidance outlined in the Agency’s Guidelines for Deriving Numerical National Water 


Quality Criteria for the Protection of Aquatic Organisms and Their Uses (Stephan et al. 1985). 


Once Section 304(a) water quality criteria are finalized, states and authorized tribes may 


adopt the criteria into their water quality standards to protect designated uses of water bodies.  


States and tribes may also modify the criteria to reflect site-specific conditions or use other 
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scientifically-defensible methods to develop standards.  Water quality standards are subsequently 


approved by EPA. 


 


Overview of Stressor Sources and Occurrence 


Ammonia is considered one of the most important pollutants in the aquatic environment 


not only because of its highly toxic nature, but also its ubiquity in surface water systems (Russo 


1985).  Ammonia is produced for commercial fertilizers and other industrial applications using a 


reaction that converts atmospheric nitrogen to ammonia using hydrogen obtained from methane 


(natural gas) under high heat and pressure; the ammonia gas is then compressed under low 


temperature and stored in an anhydrous liquid form (Appl 1999).  In agriculture, ammonia is 


used both directly (in anhydrous form), as well as a precursor for other nitrogen-based fertilizers 


such as ammonium nitrate, ammonium phosphate, urea, and ammonium sulfate (Environment 


Canada 2010).  The agricultural industry uses approximately 90% of the U.S. annual domestic 


ammonia production (USGS 2004).  Ammonia also has numerous industrial applications, 


including use as a protective atmosphere and as a source of hydrogen in metal finishing and 


treating applications (e.g., nitriding; Appl 1999), as well as many other uses in the chemical 


industry including the production of pharmaceuticals (Karolyi 1968) and dyes (Appl 1999).  The 


petroleum industry utilizes ammonia for processing of crude oil and in corrosion protection (U.S. 


EPA 2004).  Ammonia is also used in the mining industry for metals extraction (U.S. EPA 


2004).  Natural sources of ammonia include the decomposition or breakdown of organic waste 


matter, gas exchange with the atmosphere, forest fires, animal waste, the discharge of ammonia 


by biota, and nitrogen fixation processes (Environment Canada 1997; Environment Canada 


2010; Geadah 1985).   


Ammonia can enter the aquatic environment via anthropogenic sources or discharges 


such as municipal effluent discharges, agricultural runoff, and natural sources such as nitrogen 


fixation and the excretion of nitrogenous wastes from animals.  While much of the early 


information regarding lethal concentrations of ammonia was driven by the consequences of 


ammonia buildup in aquaculture systems (i.e., fish culture ponds, hatchery raceways, and fish 


holding and transporting tanks), the introduction of ammonia into surface water systems from 


industrial processes, agricultural runoff, and sewage effluents has received considerable attention 


since the 1980s (Alabaster and Lloyd 1980; U.S. EPA 1985).  Many effluents have to be treated 
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extensively in order to keep the concentrations of ammonia in surface waters from being 


unacceptably high.  In 2011, there were approximately 4.7 million pounds (lbs.) of ammonia 


documented as discharged from all reporting industries to surface waters (U.S. EPA 2011).  In 


2010, industrial releases of ammonia to ten large aquatic ecosystems (e.g., Chesapeake Bay, 


Puget Sound, Great Lakes) were reported to total approximately 1.3 million lbs. (U.S. EPA 


2010).   


 


Environmental Fate and Transport of Ammonia in the Aquatic Environment 


Ammonia (NH3) is formed in the natural environment by the fixation of atmospheric 


nitrogen and hydrogen by diazotrophic microbes, such as cyanobacteria (Latysheva et al. 2012).  


Trace amounts are also produced by lightning (Noxon 1976).  Decomposition of manure, dead 


plants and animals by bacteria in the aquatic and terrestrial environments produce ammonia and 


other ammonium compounds through conversion of nitrogen during decomposition of tissues in 


a process called ammonification (ATSDR 2004; Sylvia 2005).  In the aquatic environment, 


ammonia is also produced and excreted by fish.  The chemical form of ammonia in water 


consists of two species, the more abundant of which is the ammonium ion (NH4
+
) and the less 


abundant of which is the non-dissociated or unionized ammonia (NH3) molecule; the ratio of 


these species in a given aqueous solution is dependent upon both pH and temperature (Emerson 


et al. 1975; Erickson 1985; Thurston 1988; Whitfield 1974; Wood 1993).  Chemically, ammonia 


in an aqueous medium behaves as a moderately strong base with pKa values ranging from 


approximately 9 to slightly above 10 as a function of temperature and ionic strength (Emerson et 


al. 1975; Whitfield 1974).  In general, the ratio of unionized ammonia to ammonium ion in fresh 


water increases by 10-fold for each rise of a single pH unit, and by approximately two-fold for 


each 10°C rise in temperature from 0-30°C (Erickson 1985). Basically, as values of pH and 


temperature tend to increase, the concentration of NH3 increases and the concentration of NH4
+
 


decreases.   


The ionized ammonium ion (NH4
+
) and unionized ammonia molecule (NH3) are 


interrelated through the chemical equilibrium NH4
+
- OH


-
↔ NH3·H2O↔ NH3+H2O (Emerson et 


al. 1975; Russo 1985).  The concentration of total ammonia (often expressed on the basis of 


nitrogen as total ammonia nitrogen or TAN) is the sum of NH4
+
 and NH3 concentrations.  It is 


total ammonia that is analytically measured in water samples.  To estimate the relative 
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concentrations of NH4
+
 and NH3 from total ammonia, Emerson et al.'s (1975) formulas are 


recommended (Adams and Bealing 1994; Alabaster and Lloyd 1980; Richardson 1997; Russo 


1985).  Figure 1 (below) shows the chemical speciation of ammonia over a range of pH levels in 


ambient waters at 25°C.  It depicts the 10-fold increase in the ratio of unionized ammonia to 


ammonium ion in fresh water for each rise of a single pH unit as described above.  This increase 


in unionized ammonia with increased pH is one hypothesis explaining why toxicity of total 


ammonia increases as pH increases. 


 


 


Figure 1.  Fraction of Chemical Species of Ammonia Present with Change in pH (at 25°C). 


 


Each separate fraction of total ammonia can be calculated in freshwater from the 


Henderson-Hasselbach equation if the pH and pKa are known: 


 


NH4
+
 = Total ammonia/(1+ antilog (pH-pKa)) = Total ammonia – NH3  (Wood 1993) 


 


and, 


 


pKa = 0.09018 + (2729.92/(273.2 + T)) (Emerson et al. 1975) 


 


where T is temperature in °C.  
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Mode of Action and Toxicity  


Ammonia is unique among regulated pollutants because it is an endogenously produced 


toxicant that organisms have developed various strategies to excrete, which is in large part by 


passive diffusion of unionized ammonia from internal organs, such as the gills in fish.  High 


external unionized ammonia concentrations reduce or reverse diffusive gradients and cause the 


buildup of ammonia in internal tissues and blood.  Unionized ammonia may cause toxicity to 


Nitrosomonas spp. and Nitrobacter spp. bacteria, inhibiting the nitrification process (Russo 


1985).  Bacterial inhibition can result in the increased accumulation of ammonia in the aquatic 


environment, thereby intensifying the toxicity to beneficial bacteria and aquatic animals (Russo 


1985). 


The toxic action of unionized ammonia on aquatic animals, particularly in sensitive fish, 


may be due to one or more of the following causes: (1) proliferation in gill tissues, increased 


ventilation rates and damage to the gill epithelium (Lang et al. 1987);  (2) reduction in blood 


oxygen-carrying capacity due to progressive acidosis (Russo 1985); (3) uncoupling oxidative 


phosphorylation causing inhibition of production and depletion of adenosine triphosphate (ATP) 


in the brain (Camargo and Alonso 2006); (4) and the disruption of osmoregulatory and 


circulatory activity disrupting normal metabolic functioning of the liver and kidneys (Arillo et. 


al.1981; Tomasso et al. 1980). 


Among invertebrates, studies testing ammonia toxicity to bivalves, and particularly 


studies with freshwater mussels in the family Unionidae, have demonstrated their sensitivity to 


ammonia (Augspurger et al. 2003; Wang et al. 2007a, b; Wang et al. 2008).  Toxic effects of 


unionized ammonia to both freshwater and marine bivalves include reduced opening of valves 


for respiration and feeding (Epifanio and Srna 1975); impaired secretion of the byssus, or 


anchoring threads in bivalves (Reddy and Menon 1979); reduced ciliary action in bivalves (U.S. 


EPA 1985); depletion of lipid and carbohydrate stores leading to metabolic alteration (Chetty 


and Indira 1995) as well as mortality (Goudreau et al. 1993).  These negative physiological 


effects may lead to reductions in feeding, fecundity, and survivorship, resulting in decreased 


bivalve populations (Alonso and Camargo 2004; Constable et al. 2003). 
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Assessment Endpoints 


Assessment endpoints are defined as “explicit expressions of the actual environmental value 


that is to be protected” and are defined by an ecological entity (species, community, or other 


entity) and its attribute or characteristics (U.S. EPA 1998).  Assessment endpoints may be 


identified at any level of organization (e.g., individual, population, community).  In the context 


of the Clean Water Act, aquatic life criteria for toxics are typically determined based on the 


results of toxicity tests with aquatic organisms in which unacceptable effects on growth, 


reproduction, or survival occurred.  This information is aggregated into a species sensitivity 


analysis that evaluates the impact on the aquatic community.  Criteria are designed to be 


protective of the vast majority of aquatic animal species in an aquatic community (i.e., 


approximately 95
th


 percentile of tested aquatic animals representing the aquatic community).  As 


a result, health of the aquatic ecosystem may be considered as an assessment endpoint indicated 


by survival, growth, and reproduction.  To assess potential effects on the aquatic ecosystem by a 


particular stressor, and develop 304(a) aquatic life criteria under the CWA, EPA typically 


requires the following: 


 Acute toxicity test data (mortality, immobility, loss of equilibrium) for aquatic animals 


from a minimum of eight diverse taxonomic groups.  The diversity of tested species is 


intended to ensure protection of various components of an aquatic ecosystem.  The acute 


freshwater toxicity testing requirement is fulfilled with the following eight minimum data 


requirements:  


 the family Salmonidae in the class Osteichthyes  


 a second family in the class Osteichthyes, preferably a commercially or 


recreationally important warmwater species (e.g., bluegill, channel catfish, 


etc.) 


 a third family in the phylum Chordata (may be in the class Osteichthyes or 


may be an amphibian, etc.) 


 a planktonic crustacean (e.g., cladoceran, copepod, etc.) 


 a benthic crustacean (e.g., ostracod, isopod, amphipod, crayfish, etc.) 


 an insect (e.g., mayfly, dragonfly, damselfly, stonefly, caddisfly, 


mosquito, midge, etc.) 
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 a family in a phylum other than Arthropoda or Chordata (e.g., Rotifera, 


Annelida, Mollusca, etc.) 


 a family in any order of insect or any phylum not already represented 


 


 Chronic toxicity test data (longer-term survival, growth, or reproduction) are required for 


a minimum of three taxa in order to use acute to chronic ratios to estimate a chronic 


value, which involves having acceptable chronic toxicity data for the following: 


 at least one fish 


 at least one invertebrate 


 at least one chronic test being from an acutely-sensitive species   


However, since acceptable chronic values were available for ammonia for all eight 


minimum data requirements, the chronic criterion was derived following the same genus 


level sensitivity distribution (SD) approach used to calculate the acute criterion (see 1985 


Guidelines for additional detail). 


 


 The Guidelines also require at least one acceptable test with a freshwater alga or vascular 


plant.  If plants are among the aquatic organisms most sensitive to the material, results of 


a plant in another phylum should also be available.  The data available on the toxicity of 


ammonia to freshwater plants indicate that plants are approximately two orders of 


magnitude less sensitive than the aquatic animals tested.  Therefore, plant endpoints were 


not used in criteria derivation.  


 


Measures of Effect 


Each assessment endpoint requires one or more “measures of ecological effect,” which 


are defined as changes in the attributes of an assessment endpoint itself or changes in a surrogate 


entity or attribute in response to chemical exposure.  Ecological effect data are used as measures 


of direct and indirect effects to biological receptors.  The measures of effect selected represent 


the growth, reproduction, and survival of the organisms.   


The amount of toxicity testing data available for any given pollutant varies significantly, 


depending primarily on whether any major environmental issues are raised due to interpretation 
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of those data.  An in-depth evaluation of available data is performed by EPA to determine test 


acceptability.   


 


Acute measures of effect  


Acute measures of effect used for organisms in this document are the LC50 and EC50.  LC 


stands for “Lethal Concentration” and the LC50 is the concentration of a chemical that is 


estimated to kill 50% of the test organisms.  EC stands for “Effective Concentration” and the 


EC50 is the concentration of a chemical that is estimated to produce a specific effect in 50% of 


the test organisms.   


As part of the evaluation of new acute data for ammonia, studies submitted using 


glochidia, the larval life stage of freshwater mussels in the family Unionidae, were reviewed for 


acceptability for use in the ammonia criteria development.  In 2006 a new ASTM method was 


published for toxicity tests with glochidia.  However, at the time of the 2009 draft revised criteria 


for ammonia, EPA and external peer reviewers were concerned that information was unavailable 


to determine whether the tests with glochidia were ecologically relevant.  Specifically, the 


appropriate duration of the tests (24, 48, or 96 hrs) was uncertain because it was unclear how the 


tests of various durations related to the viability of this short parasitic life stage and its ability to 


successfully infect a fish host upon encountering the appropriate fish species.  Since that time, 


studies by Bringolf et al. (2013) have resulted in the recommendation of a maximum test 


duration of 24 hours for glochidia corresponding with the ecologically relevant endpoint of 


infectivity for this parasitic life stage.  EPA agreed with this recommendation and decided to 


include glochidia tests in the criterion dataset for test data with durations of up to 24 hours with 


survival of glochidia at the end of 24 hours of at least 90% in the control treatment.  In addition, 


to account for species of mussels whose glochidia might not be expected to be viable at 24 hours 


(i.e., potentially mantle lure strategists), EPA examined available tests with glochidia that were 


conducted for 24 hours that included testing for viability at 6, 12, and 18 hours.  If the viability 


was less than 90% at 24 hours in the control animals, then the next longest duration less than 24 


hours that had at least 90% survival in the control, was considered acceptable for use in deriving 


the ammonia criteria. 
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Chronic measures of effect 


Chronic measures of effect are EC20, NOEC, LOEC, and MATC.  EC20 values were used 


to estimate a low level of effect observed in chronic datasets that are available for ammonia (see 


U.S. EPA 1999).  EC20 is the concentration of a chemical that is estimated to result in a 20 


percent effect in a chronic endpoint (e.g., growth, reproduction, and survival) of the test 


organisms. 


The NOEC (i.e., “No-Observed -Effect-Concentration”) is the highest test concentration 


at which none of the observed effects are statistically different from the control.  The LOEC (i.e., 


“Lowest-Observed- Effect-Concentration”) is the lowest test concentration at which observed 


effects are found to be statistically different from the control.  The MATC is the calculated 


geometric mean of the NOEC and LOEC. 


For life-cycle (LC) and partial life-cycle (PLC) tests, the toxicological variables used in 


regression analyses were survival, embryo production, and embryo hatchability.  For early life-


stage (ELS) tests with fishes, the endpoints used were embryo hatchability, fry/larval survival, 


and fry/larval growth.  If ammonia reduced both survival and growth, the product of these 


variables (biomass) was analyzed (when possible), rather than analyzing them separately.  For 


other acceptable chronic and related (e.g., 28-day juvenile or adult) tests, the toxicological 


endpoints analyzed were survival, reproduction, hatchability, or growth as appropriate. 


Regression analysis was used, both to demonstrate that a concentration-effect relationship 


was present, and to estimate chronic values at a consistent level of effect.  Estimates of effect 


concentrations can generally be made with precision for a 50 percent reduction in response 


(EC50), but at low percent reductions such precision is decreased.  A major reduction, such as 50 


percent, is not consistent with the intent of establishing chronic criteria to protect the population 


from long-term effects.  In contrast, a concentration that causes a low level of reduction in 


response, such as an EC5 or EC10, is rarely statistically significantly different from the control 


treatment.  EPA selected EC20 values to be used to estimate a low level of effect that would be 


statistically different from control effects, yet not so severe as to be expected to cause chronic 


impacts at the population level (see U.S. EPA 1999).  For calculation of the chronic criterion, the 


EC20 point estimate was selected for use over a NOEC or LOEC as the measure of effect to use, 


as NOECs and LOECs are highly dependent on test concentrations selected.  Furthermore, point 


estimates provide additional information that is difficult to determine using NOEC and LOEC 
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effect measures, such as a measure of effect level across the range of tested concentrations, and 


the confidence intervals around those measures of effect. 


The typical assessment endpoints for aquatic life criteria are based on unacceptable 


effects on growth, reproduction, or survival of the assessed taxa.  These measures of effect on 


toxicological endpoints of consequence to populations are provided by results from the acute and 


chronic toxicity tests with aquatic plants and animals.  The toxicity values (i.e., measures of 


effect expressed as genus means) are used in the genus sensitivity distribution of the aquatic 


community to derive the aquatic life criteria.  Endpoints used in this assessment are listed in 


Table 1. 


 


Table 1.  Summary of Assessment Endpoints and Measures of Effect Used in Criteria 


Derivation for Ammonia. 


Assessment Endpoints for the Aquatic 


Community 


Measures of Effect 


Survival, growth, and reproduction of 


freshwater fish, other freshwater vertebrates, 


and invertebrates 


For acute effects: LC50 or EC50 


For chronic effects: EC20, NOEC and LOEC, 


calculated MATC 


Maintenance and growth of aquatic plants 


from standing crop or biomass 


Not relevant for ammonia because plants are 


substantially less sensitive than animals 


MATC = maximum acceptable toxicant concentration (geometric mean of NOEC and LOEC) 


NOEC = No observed effect concentration 


LOEC = Lowest observed effect concentration 


LC50 = Lethal concentration to 50% of the test population 


EC50/EC20 = Effect concentration to 50/20% of the test population 


 


Chronic averaging period of 30 days 


The 30-day averaging period for chronic effects has been retained from the 1999 chronic 


criterion, as is the restriction that the highest 4-day average within the 30 days may be no greater 


than 2.5 times the chronic concentration (CCC) more than once every three years on average.  


This is based on analysis of chronic data from fathead minnow laboratory tests of different 


exposure durations and starting with different age test organisms as summarized below and 


described in greater detail in the 1999 ammonia criteria update. 


The 1985 ammonia criteria document specified a CCC averaging period of 4 days as 


recommended in the 1985 Guidelines (Stephan et al. 1985), except that an averaging period of 30 


days could be used when exposure concentrations were shown to have "limited variability".  For 
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ammonia, the toxicity data on the fathead minnow demonstrate how long the averaging period 


should be when concentrations have limited variability, and what restriction applies in terms of 


the maximum concentration that can be reached and for how long within that averaging period.  


Based on 7-day tests, EC20s of 29.34 and 24.88 mg TAN/L were calculated from the data of 


Willingham (1987), adjusted to pH 7.  Chronic values of 20.32 mg TAN/L at pH 7 and 20.99 mg 


TAN/L similarly adjusted to pH 7 were reported by Camp Dresser and McKee (1997).  The 


geometric mean of the four values is 23.62 mg TAN/L.  This is approximately 2.5 times the 


geometric mean EC20 (i.e., 9.396 mg TAN/L at pH 7) for the 30-day early life-stage tests 


conducted on the same species by Swigert and Spacie (1983) and Mayes et al. (1986), [see also 


Appendix B].   


Thus, in the 1999 criteria document, EPA determined that because the mean chronic 


value from the shorter 7-day toxicity tests with slightly older (< 1 day old) fish is substantially 


higher than the mean chronic value from the longer 30-day ELS tests initiated with newly 


fertilized embryos, the CCC averaging period under this “limited variability” can be 30 days, as 


long as excursions above the CCC are restricted sufficiently to not exceed the mean chronic 


value from the 7-day tests.  As indicated in the 1999 AWQC document, a more rigorous 


definition of this excursion restriction is not possible with the data available, especially because 


the information is not available concerning the effects to fish or other animals of variations in 


ammonia concentration within a 7-day test period.  It is useful, however, to base the excursion 


restriction on a 4-day period, because this period is the default that already has to be considered 


in calculations of water quality-based effluent limits, and because it provides a substantial 


limitation of variability relative to the 7-day chronic values.  While it may be uncertain how 


much higher than the CCC the 4-day average can be, based on the fathead minnow test results 


summarized above, 2.5 -fold higher concentrations should be acceptable.  Other data and 


justification supporting the use of a longer averaging period for ammonia and the excursion 


restriction is provided in the 1999 AWQC document under Chronic Averaging Period (page 81). 


 


Ammonia toxicity data fulfilling minimum data requirements 


Table 2 provides a summary of the number of toxicity data currently available for genera 


and species that fulfill the 1985 Guidelines minimum requirements for calculation of acute and 


chronic criteria for freshwater species exposed to ammonia.   
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Table 2.  1985 Guidelines Minimum Data Requirements Summary Table Reflecting the 


Number of Species and Genus Level Mean Values Represented in the Acute and Chronic 


Toxicity Datasets for Ammonia in Freshwater. 


 Genus Mean 


Acute Value 


(GMAV) 


Species Mean 


Acute Value 


(SMAV) 


Genus Mean 


Chronic Value 


(GMCV) 


Species Mean 


Chronic Value 


(SMCV) 


Freshwater 


Family Salmonidae in the 


class Osteichthyes 


4 11 1 3 


Second family in the class 


Osteichthyes, preferably a 


commercially or 


recreationally important 


warmwater species 


22 33 6 7 


Third family in the phylum 


Chordata (may be in the class 


Osteichthyes or may be an 


amphibian, etc.) 


3 4 1 1 


Planktonic Crustacean 4 6 2 3 


Benthic Crustacean 6 8 1 1 


Insect 9 11 1 1 


Family in a phylum other than 


Arthropoda or Chordata (e.g., 


Rotifera, Annelida, or 


Mollusca) 


17 23 4 5 


Family in any order of insect 


or any phylum not already 


represented 


4 4 1
a
 1


a
 


Total 69 100 17 22 
a
 In the absence of other chronic data to fulfill this MDR for another phylum not already represented in the chronic 


dataset, the acute data for species within the phylum Annelida were used to calculate a surrogate chronic value, by 


applying a geometric mean ACR from the available invertebrate ACRs.   


 


Since the data available regarding the toxicity of ammonia to freshwater phytoplankton 


and vascular plants reported in the 1985 AWQC document indicate that aquatic plants appear to 


be two orders of magnitude less sensitive than the aquatic animals tested, it is assumed that any 


ammonia criterion appropriate for the protection of freshwater aquatic animals will also be 


protective of aquatic vegetation (U.S. EPA 1985, 1999, 2009).  The greater tolerance of these 


taxa to ammonia is due in part to the fact that ammonia is a readily available and energy-efficient 


source of nitrogen for plants; although ammonia can be toxic when present at high 


concentrations.  For example, the experimental data concerning the toxicity of ammonia to 
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freshwater phytoplankton show negative effects occurring in the green alga, Scenedesmus 


obliquus, ranging from approximately 26.88 to 70.14 mg TAN/L with regards to oxygen 


evolution and reduction in carbon dioxide photoassimilation (Abeliovich and Azov 1976).  


Additionally, ammonia caused growth inhibition and cell death of the green alga, Chlorella 


vulgaris, at concentrations ranging from 326 to 1,330 mg TAN/L (Przytocka-Jusiak 1976); and 


for another algal species, Ochromonas sociabilis, a concentration of 256 mg TAN/L was 


algicidal while a concentration of approximately half that (128 mg TAN/L) reduced population 


development (assuming pH 6.5 and 30˚C; see Bretthauer 1978).  Furthermore, Champ et al. 


(1973) investigated the effects of treating a Texas pond with a mean ammonia concentration of 


25.6 mg/L NH3 (unionized ammonia) for two weeks.  A diverse population of dinoflagellates, 


diatoms, desmids, and blue-green algae had been reduced by 95% at the end of the experiment.  


At the same time, the pond was virtually eradicated of all rooted aquatic vegetation.  Compared 


to the 2013 chronic criterion magnitude of 1.9 mg TAN/L, the results from these plant tests, 


which are considered as chronic effects according to the 1985 Guidelines, indicate that the 2013 


CCC for ammonia will be protective of aquatic plants. 


Much of the early work concerning the response of freshwater vegetation to high 


ammonia concentrations is not quantitative or the result of research exploring the possible use of 


ammonia as an aquatic herbicide (U.S. EPA 1985).  There is no new evidence to suggest that 


freshwater phytoplankton and vascular species are more sensitive to ammonia than invertebrates 


or fish.  Until such a time as those data are produced, EPA will continue to assume that any 


ammonia criterion appropriate for the protection of freshwater aquatic animals will also be 


protective of aquatic vegetation. 


 


Conceptual Model 


A conceptual model consists of a written description and diagram (U.S. EPA 1998) that 


illustrates the relationships between human activities, stressors, and ecological effects on 


assessment endpoints.  The conceptual model links exposure characteristics with the ecological 


endpoints important for management goals.  Under the CWA, these management goals are 


established by states and tribes as designated uses of waters of the United States (for example, 


aquatic life support).  In deriving aquatic life criteria, EPA is developing acceptable thresholds 
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for pollutants that, if not exceeded, are expected to protect designated uses.  A state and/or tribe 


may implement these criteria by adopting them into their respective water quality standards. 


 


Conceptual diagram 


Environmental exposure to ammonia, while ultimately determined by various site 


specific conditions and processes, occurs from human activities related to agricultural practices, 


urbanization and industrial processes, or from natural sources.  Point and non-point sources 


contribute to elevated concentrations in ambient surface water.  The environmental fate 


properties of ammonia indicate that direct discharge, runoff, groundwater transport, and 


atmospheric deposition represent the pathways of greatest transport to the ambient surface waters 


which serve as habitat for aquatic organisms.  These sources and transport mechanisms are 


depicted in the conceptual model below (Figure 2). The model also depicts exposure pathways 


for biological receptors of concern (e.g., aquatic animals) and the potential attribute changes (i.e., 


effects such as reduced survival, growth and reproduction) in the ecological receptors due to 


ammonia exposure. 


The conceptual model provides a broad overview of how aquatic organisms can 


potentially be exposed to ammonia.  Transport mechanisms and exposure pathways are not 


quantitatively considered in the derivation of aquatic life criteria, which are effects assessments, 


not risk assessments.  Derivation of criteria focuses on effects on survival, growth and 


reproduction of aquatic organisms.  However, the pathways, receptors, and attribute changes 


depicted in Figure 2 may be helpful for states and tribes as they adopt criteria into standards and 


need to evaluate potential exposure pathways affecting designated uses. 
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Figure 2:  Conceptual Model for Ammonia Effects on Aquatic Animals. 


(Available at: http://www.epa.gov/caddis/ssr_amm_int.html) 


  



http://www.epa.gov/caddis/ssr_amm_int.html
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Analysis Plan 


During development of CWA section 304(a) criteria, EPA assembles all available 


toxicity test data and considers which data are relevant that also meet data quality acceptance 


standards for all genera.  Where data allow, two to four criterion values are developed (acute and 


chronic freshwater, acute and chronic saltwater).  If plants are the most sensitive relative to 


vertebrates and invertebrates, plant criteria are developed.  This criteria update document is 


specific to ammonia in fresh water, and thus, only two criterion values (freshwater acute and 


chronic) are derived in this document.  Available data indicate freshwater plants are not more 


sensitive to ammonia than freshwater animals, thus, plant criteria are not developed. Finally, 


ammonia does not bioaccumulate in aquatic animals, thus, final tissue values are not developed. 


These criteria are based on a sensitivity distribution (SD) comprised of ranked genus 


mean acute values (GMAVs), calculated from combined species mean acute values (SMAVs 


within each genus) for acceptable data.  SMAVs are calculated using the geometric mean for all 


acceptable measures of effect based on the results of toxicity tests within a given species (e.g., all 


EC50s from acceptable acute tests for Daphnia magna).  GMAVs are then calculated using the 


geometric means of all SMAVs within a given genus (e.g., all SMAVs for genus Daphnia, such 


as Daphnia pulex, Daphnia magna).  If only one SMAV is available for a genus, then the 


GMAV is represented by that value.  GMAVs are then rank-ordered by sensitivity from most 


sensitive to least sensitive.  The final acute value (FAV) is determined by regression analysis 


using a log-triangular fit based on the four most sensitive genera (reflected as GMAVs) in the 


data set to interpolate or extrapolate (as appropriate) to the 5
th


 percentile of the distribution 


represented by the tested genera.  If there are 59 or more GMAVs, as is the case with ammonia, 


the four GMAVs closest to the 5
th


 percentile of the distribution are used to calculate the FAV.  


The acute criterion magnitude is the FAV divided by two, in order to provide an acute criterion 


magnitude protective of nearly all individuals in 95% of all genera, since the effect endpoint is a 


50
th


 percentile effect (e.g., LC50 or EC50) (see 1985 Guidelines, Section XI. Criterion, B.). 


Although the aquatic life criteria derivation process relies on selected toxicity endpoints 


from the sensitive species tested, it does not necessarily mean that the selected toxicity endpoints 


reflect the sensitivity of the most sensitive species existing in a given environment.  The intent of 


the eight minimum data requirements is to serve as a sample representative of the aquatic 


community.  These minimum data requirements represent different ecological, trophic, 
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taxonomic and functional differences observed in the natural aquatic ecosystem.  The use of the 


four most sensitive genera to determine the final criterion value is a censored statistical approach 


than improves estimation of the lower tail (most sensitive) of the distribution when the shape of 


the overall distribution, particularly in the less sensitive part of the distribution, is uncertain. 


The chronic criterion may be determined by one of two methods.  If all eight minimum data 


requirements are met with acceptable chronic test data (as is the case with ammonia), then the 


chronic criterion is derived using the same method used for the acute criterion.  Genus Mean 


Chronic Values (GMCVs) are derived from available Species Mean Chronic Values (SMCVs) 


and are then rank-ordered from least to most sensitive, and the Final Chronic Value (FCV) is 


calculated based on regression analysis of a censored distribution using the four most sensitive 


GMCVs, similar to calculation of the FAV.  Unlike the FAV, however, the FCV directly serves 


as the basis for the chronic criterion without further adjustment because the endpoint measured 


represents a low level (e.g., EC20 or NOEC) of effect (see 1985 Guidelines). 


In addition, whenever adequately justified, a state can develop a site-specific criterion in 


lieu of the use of a national recommended criterion (U.S. EPA 1983).  The site-specific criterion 


may include not only site-specific criterion concentrations, but also site-specific durations or 


averaging periods, site-specific frequencies of allowed excursions, and representative species 


present at a given site, where supported by sound science (U.S. EPA 1991).  The Revised 


Deletion Process for the Site-Specific Recalculation Procedure for Aquatic Life Criteria (U.S. 


EPA 2013) provides guidance on revising the taxonomic composition of the toxicity data set 


used for the sensitivity distribution upon which a site-specific criterion is based, in order to better 


reflect the assemblage of organisms that resides at the site.  For more information on criteria 


derivation, see: 


http://water.epa.gov/scitech/swguidance/waterquality/standards/upload/2009_01_13_criteria_8


5guidelines.pdf. 


The criteria presented are the Agency’s best estimate of maximum ambient 


concentrations of ammonia to protect most freshwater aquatic organisms from unacceptable 


short- or long-term effects.  Results of intermediate calculations such as Species Mean Acute 


Values (see in Appendix A) and chronic values (see in Appendix B) are specified to four 


significant figures to prevent rounding error in subsequent calculations, not to reflect the 


precision of the value.  All of the ammonia acute values (LC50s and EC50s) in Appendix A of this 



http://water.epa.gov/scitech/swguidance/waterquality/standards/upload/2009_01_13_criteria_85guidelines.pdf

http://water.epa.gov/scitech/swguidance/waterquality/standards/upload/2009_01_13_criteria_85guidelines.pdf
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document were converted to TAN acute values using the reported temperatures and pHs as 


described using an example in Appendix D (Conversion of Acute Results of Toxicity Tests).  


Similarly, all of the ammonia chronic values (EC20s) in Appendix B were converted to TAN 


chronic values as described in Appendix E (Conversion of Chronic Results of Toxicity Tests). 


 


EFFECTS ANALYSES FOR FRESHWATER AQUATIC ORGANISMS 


The acute and chronic ammonia toxicity data used here to update the acute and chronic 


criteria for ammonia (freshwater) were collected via literature searches of EPA’s ECOTOX 


database, EPA’s Ambient Aquatic Life Water Quality Criteria for Ammonia (U.S. EPA 1985, 


1998, 1999), data provided by the U.S. Fish and Wildlife Service and the National Oceanic and 


Atmospheric Administration (NOAA) National Marine Fisheries Service (collectively known as 


the Services), and EPA regional and field offices.  Relevant papers were identified, by title and 


abstract, and their data screened according to data quality criteria described in the 1985 


Guidelines.  All available, reliable acute and chronic toxicity values published since 1985 were 


incorporated into the appropriate ammonia AWQC tables and used to recalculate the CMC and 


the CCC, as outlined in detail in the 1985 Guidelines.  The most recent literature search covered 


the period from 1985 through October 2012. 


 


Acute Toxicity to Aquatic Animals 


All available data relating to the acute effects of ammonia on aquatic animals were 


considered in deriving the ammonia criteria and were subjected to a data quality review per the 


1985 Guidelines.  The acute effects concentrations are all normalized to pH 7.0 (for all 


organisms) and temperature 20°C (for invertebrates) as indicated via the equations provided in 


Appendix D.   The pH and temperature conditions to which these data are normalized were 


deemed to be generally representative of ambient surface water.  Data that were suitable for the 


derivation of a freshwater FAV are presented in Appendix A. 


The GMAVs ranked according to sensitivity, as well as the new (2013) and previous 


(1999) acute criterion values (CMCs), are shown in Figure 3.  The GMAVs represent LC50s or 


EC50s, whereas the CMC (the FAV/2) values represent concentrations that are expected to be 
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lethal to less than 50% of the individuals in either the fifth percentile genus, or, a sensitive 


commercially or recreationally important species (e.g., adult rainbow trout). 


For this 2013 AWQC document, results from acute toxicity tests that met test 


acceptability and quality (according to the 1985 Guidelines) were available for 44 species of fish, 


52 species of invertebrates and four species of amphibians.  This data includes ammonia toxicity 


test data on 52 new species of aquatic animals not previously included in the 1999 acute criterion 


dataset.  There are now 69 genera represented in the freshwater acute toxicity dataset for 


ammonia, and of the 69 genera (represented in Appendix A and listed according to sensitivity in 


Table 3), approximately half are invertebrates.  The acute dataset more than fulfills the eight 


minimum data requirements outlined in the 1985 Guidelines with between three and 22 genera 


represented for each taxa category specified (see Table 2 above).  The acute criterion dataset now 


includes 12 species of aquatic animals Federally-listed as threatened, endangered or species of 


concern.  Freshwater invertebrates in the Phylum Mollusca, particularly freshwater mussels in 


the family Unionidae, freshwater clams, and some non-pulmonate snails, are the predominant 


group of aquatic organisms ranked in the lowest quartile.  The four most acutely sensitive genera 


are all freshwater bivalve mussels (Table 3).  GMAVs for freshwater mollusks in general, are 


now among the most influential in the 2013 acute criterion dataset. 


Data for glochidia and juvenile life stages of freshwater unionid mussels were evaluated 


for acceptability based on the 1985 Guidelines, the approved ASTM protocol for toxicity testing 


with these life stages of unionid mussels (ASTM 2006), and recent studies on the most 


ecologically relevant toxicological endpoint(s) and exposure duration(s) for glochidia tests by 


Bringolf et al. (2013).  The acute unionid mussel dataset for ammonia now includes acceptable 


data for 11 genera, totaling 16 species of freshwater mussels, as well as two sensitive species of 


non-pulmonate snails.  Of these, four of the 18 mollusk species included in 2013 acute dataset 


are Federally-listed as threatened or endangered (as identified in Table 3).   


Nearly all states in the continental United States have freshwater unionid mussel fauna in 


at least some of their waters (Abell et al. 2000; Williams et al. 1993; Williams and Neves 1995).  


While the number of freshwater unionid mussel species is less and the distribution is sparse in 


the dry western states, even New Mexico and Arizona have at least one native mussel species 


(Williams et al. 1993).  Moreover, approximately one-quarter of nearly 300 freshwater unionid 


mussel taxa in the USA are Federally-listed as endangered, threatened or of special concern.  In 
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addition, non-pulmonate snails are relatively ubiquitous compared to mussels and of the 650 


freshwater snail species, 25 species are Federally-listed.  Every state in the continental U.S. has 


at least one family of non-pulmonate snail in at least some of their waters.  Thus, considering 


that freshwater unionid mussels are among some of the most sensitive genera in the dataset, and 


that all states have at least one freshwater unionid mussel or bivalve mollusk, or non-pulmonate 


snail species, another relatively sensitive mollusk group, native or present in at least some of 


their waters, EPA is recommending a single national acute criterion to be applied to all waters 


rather than different criteria based on the presence or absence of mussels.   


The most sensitive fish SMAV is for mountain whitefish, Prosopium williamsoni (SMAV 


of 51.93 mg TAN/L), representing one of the four genera of salmonids in the acute dataset, 


followed by the second most sensitive fish, the Lost River sucker (SMAV of 56.62 mg TAN/L), 


which is an endangered species (Table 3).  The mountain whitefish GMAV is ranked eighth most 


sensitive after seven more sensitive GMAVs for freshwater mussel species, thus, salmonids 


should be adequately protected by the new acute criterion.  The next most sensitive salmonid 


genus is Oncorhynchus, represented by data for six different species, three of which are 


threatened or endangered, with SMAVs ranging from 78.92 mg TAN/L for Cutthroat trout, O. 


clarkii, to 180.7 mg TAN/L for pink salmon, O. gorbuscha. The GMAV for Oncorhynchus 


(99.15 mg TAN/L) is ranked #25 in acute sensitivity rank at pH 7 and temperature 20
°
C (Table 


3). 


The four lowest GMAVs in this 2013 ammonia AWQC update are for invertebrate 


species (specifically, freshwater bivalve mollusks dominated by mussels in the family 


Unionidae).  Because the most sensitive GMAVs are all represented by invertebrate species, the 


CMC is both pH-dependent, in accordance with the acute pH-toxicity relationship for all aquatic 


organisms, and temperature-dependent, due to the invertebrate acute-temperature relationship. 
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Figure 3.  Ranked Freshwater Genus Mean Acute Values (GMAVs) with Criterion 


Maximum Concentrations (CMCs). 


 


Summaries of studies used in acute criterion determination 


Presented in this section are brief summaries of the results of acute toxicity tests that 


meet the data quality acceptability criteria and that are used directly for deriving the FAV (i.e., 


serve as the basis for the SMAV or GMAV of one of the most sensitive genera).  As per the 1985 


Guidelines, whenever there are 59 or more GMAVs in the acute criteria dataset, the FAV is 


calculated using the four GMAVs closest to the 5th percentile of the distribution.   


The four species and associated endpoints (SMAV or GMAV) used in calculating the 


acute criterion (sensitivity rank 2-5) are ranked below from most to least sensitive: 
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2.  Lasmigona subviridis, Green Floater (GMAV= 23.41 mg TAN/L) 


3. Epioblasma capsaeformis, Oyster mussel (GMAV= 31.14 mg TAN/L) 


4. Villosa iris, Rainbow Mussel (GMAV= 34.23 mg TAN/L) 


5. Lampsilis sp.  (GMAV=46.63 mg TAN/L) 


 


The most sensitive species Venustaconcha ellipsiformis (SMAV=23.12 mg TAN/L) is not 


included in the criteria numeric calculation, because it falls below the 5
th


 percentile in sensitivity 


in the distribution of 69 genera included in the dataset. 


Summaries are provided on the basis of individual species or genera (in cases where more 


than one species is included in the calculation of the GMAV).  All values are provided in terms 


of total ammonia nitrogen (TAN), either as reported by the authors or as converted from the 


reported values for unionized ammonia, pH, and temperature (using the speciation relationship) 


applied in the 1999 AWQC document (i.e., Emerson et al. 1975).  In the special cases where the 


result of a test is considered an upper limit on an acute value, the value is ascribed a greater than 


(“>”) sign indicating as much.  


 


Lasmigona subviridis (green floater) 


The GMAV/SMAV for the green floater, a freshwater bivalve mollusk, of 23.41 mg 


TAN/L is based on the geometric mean of three 96-hr EC50s from tests using less than two-


month old juveniles as reported in Black (2001).  Test solutions were renewed after 48 hours.  


The mean pH and test temperature for two of the tests was 7.73 and 24°C, and for the third, 7.92 


and 24.8°C.  Control survival exceeded 90 percent in all three tests.  The reported EC50s at test 


temperature and pH expressed on the basis of TAN were 6.613, 6.613 and 3.969 mg TAN/L, 


respectively.  Adjusted to pH 7 and 20°C, the EC50s are 24.24, 24.24 and 21.84 mg TAN/L, 


respectively (Appendix A).  The GMAV for juvenile green floaters of 23.41 mg TAN/L 


represents the second lowest in the acute dataset, and the lowest of the four GMAVs used to 


calculate the FAV (Table 3). 


 


Epioblasma capsaeformis (oyster mussel) 


The GMAV/SMAV for the endangered oyster mussel (31.14 mg TAN/L) is the third 


lowest in the acute dataset (Table 3), and is based on the geometric mean of a 96-hr EC50 from a 
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renewal test using less than five-day old juveniles, and two 6-hr EC50s from static tests 


conducted with two-hour old glochidia (Wang et al. 2007b).  The mean pH and test temperature 


for all three tests was 8.5 and 20°C.  Control survival exceeded 90 percent in all tests.  The 


estimated measured EC50 for juvenile oyster mussels at test temperature and pH was 4.760 mg 


TAN/L, after adjusting the reported nominal EC50 by multiplying by a factor of 0.835 (i.e., 


measured total ammonia concentrations were 83.5 percent of nominal concentrations for 96 hour 


juvenile exposures).  The reported EC50s for glochidia were 3.4 and 5.0 mg TAN/L, respectively 


(no further adjustment necessary).  These EC50s normalized to pH 7 and 20°C are 53.63, 17.81 


and 31.61 mg TAN/L, for the two glochidia and juveniles respectively (Appendix A). 


 


Villosa iris (rainbow mussel) 


Ten EC50s from several studies (Goudreau et al. 1993; Scheller 1997; Mummert et al. 


2003; Wang et al. 2007b) using two different life stages (glochidia and juvenile) and range of 


ages within each life-stage were used to calculate the GMAV/SMAV for rainbow mussel 


(Appendix A).  All tests were either static or static renewal where concentrations were measured.  


The GMAV of 34.23 mg TAN/L is the fourth lowest in the acute dataset (Table 3), and is 


composed of individual EC50 values (expressed as TAN and normalized to pH 7 and 20°C) 


ranging from 12.62 to 99.28 mg TAN/L (Appendix A).  The difference in pH and test 


temperature among the 10 different tests ranged from 7.29 to 8.40 and 12.6 to 25.0°C, 


respectively.  Control survival exceeded 90 percent in all tests regardless of life-stage tested.  


The glochidia were not substantially more sensitive than the juveniles (less than a factor of 2 


difference). 


 


Mussels in Genus Lampsilis 


Freshwater unionid mussels within the Genus Lampsilis represent the most widely tested 


genus to date.  The GMAV of 46.63 mg TAN/L reflects the geometric mean of SMAVs for six 


species, two (Lampsilis abrupta and L. higginsii) which are endangered and a third (L. 


rafinesqueana) that is a Federal species of concern (Table 3).  The SMAVs for this genus range 


from 26.03 mg TAN/L (L. abrupta) to 69.97 mg TAN/L (L. rafinesqueana), and are composed 


of anywhere from one (L. abrupta) to fourteen (L. siliquoidea) individual EC50s (Appendix A).  


The range of EC50s used to calculate the FAV, normalized to pH 7 and 20°C across all species of 
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Lampsilis is from 24.30 to 160.5 mg TAN/L (see Appendix A).  The GMAV for Lampsilis is the 


fifth most sensitive in the acute dataset, and the highest of the four GMAVs used to calculate the 


FAV (Table 3).  Both glochidia and juvenile data were available for three of the six Lampsilis 


species, showing an inconsistent pattern of relative sensitivity.  


 


Table 3.  Ranked Genus Mean Acute Values. 
Table 3.  Ranked Genus Mean Acute Values 


Rank 


GMAV 


(mg TAN/L) Species 


SMAV 


(mg TAN/L) 


69 2515 
Insect, 


Erythromma najas 
2515 


68 994.5 
Caddisfly, 


Philarctus quaeris 
994.5 


67 735.9 
Beetle, 


Stenelmis sexlineata 
735.9 


66 686.2 


Crayfish, 


Orconectes immunis 
1550 


Crayfish, 


Orconectes nais 
303.8 


65 681.8 


Midge, 


Chironomus riparius 
1029 


Midge, 


Chironomus tentans 
451.8 


64 442.4 
Mayfly, 


Drunella grandis 
442.4 


63 387.0 
Aquatic sowbug, 


Caecidotea racovitzai 
387.0 


62 378.2 
Isopod, 


Asellus aquaticus 
378.2 


61 281.5 
Threespine stickleback, 


Gasterosteus aculeatus 
281.5 


60 246.5 


Mayfly, 


Callibaetis skokianus 
364.6 


Mayfly, 


Callibaetis sp. 
166.7 


59 233.0 
Dragonfly, 


Pachydiplax longipennis 
233.0 


58 222.2 
Mottled sculpin, 


Cottus bairdii 
222.2 


57 219.3 
Western mosquitofish, 


Gambusia affinis 
219.3 


56 218.7 
Oligochaete worm, 


Lumbriculus variegatus 
218.7 


55 216.5 
Tubificid worm, 


Tubifex tubifex 
216.5 


54 211.6 
Marsh ramshorn snail, 


Planorbella  trivolvis 
211.6 
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Table 3.  Ranked Genus Mean Acute Values 


Rank 


GMAV 


(mg TAN/L) Species 


SMAV 


(mg TAN/L) 


53 192.6 
Scud, 


Hyalella azteca 
192.6 


52 192.4 
Stonefly, 


Skwala americana 
192.4 


51 185.2 
Mozambique tilapia, 


Oreochromis mossambicus 
185.2 


50 181.8 


Amphipod, 


Crangonyx pseudogracilis 
270.5 


Amphipod, 


Crangonyx sp. 
122.2 


49 170.2 
Tubificid worm, 


Limnodrilus hoffmeisteri 
170.2 


48 164.5 
Pouch snail, 


Physa gyrina 
164.5 


47 164.0 
Damselfly, 


Enallagma sp. 
164.0 


46 162.6 
Water flea, 


Chydorus sphaericus 
162.6 


45 159.2 
Fathead minnow, 


Pimephales promelas 
159.2 


44 157.8 


Brook trout, 


Salvelinus fontinalis 
156.3 


Lake trout, 


Salvelinus namaycush 
159.3 


43 156.7 
Shortnose sturgeon, 


Acipenser brevirostrum (LS) 
156.7 


42 146.5 


White sucker, 


Catostomus commersonii 
157.5 


Mountain sucker, 


Catostomus platyrhynchus 
136.2 


41 143.9 


Water flea, 


Ceriodaphnia acanthine 
154.3 


Water flea, 


Ceriodaphnia dubia 
134.2 


40 142.9 
Water flea, 


Simocephalus vetulus 
142.9 


39 142.4 
Channel catfish, 


Ictalurus punctatus 
142.4 


38 138.0 
Red swamp crayfish, 


Procambarus clarkii 
138.0 


37 136.7 


Atlantic salmon, 


Salmo salar (LS) 
183.3 


Brown trout, 


Salmo trutta 
102.0 


36 134.8 


White perch, 


Morone americana 
132.7 


White bass, 


Morone chrysops 
144.0 
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Table 3.  Ranked Genus Mean Acute Values 


Rank 


GMAV 


(mg TAN/L) Species 


SMAV 


(mg TAN/L) 


Striped bass, 


Morone saxatilis 
246.2 


Sunshine bass, 


Morone saxatilis x chrysops 
70.22 


35 125.0 


Water flea, 


Daphnia magna 
157.7 


Water flea, 


Daphnia pulicaria 
99.03 


34 122.5 
Clawed toad, 


Xenopus laevis 
122.5 


33 119.5 
Flatworm, 


Dendrocoelum lacteum 
119.5 


32 117.1 
Walleye, 


Sander vitreus 
117.1 


31 115.9 
Central stoneroller, 


Campostoma anomalum 
115.9 


30 110.0 


Rainbow dace, 


Cyprinella lutrensis 
196.1 


Spotfin shiner, 


Cyprinella spiloptera 
83.80 


Steelcolor shiner, 


Cyprinella whipplei 
80.94 


29 109.0 
Dwarf wedgemussel, 


Alasmidonta heterodon (LS) 
109.0 


28 109.0 
Pink papershell, 


Potamilus ohiensis 
109.0 


27 106.9 


Green sunfish, 


Lepomis cyanellus 
150.8 


Pumpkinseed, 


Lepomis gibbosus 
77.53 


Bluegill, 


Lepomis macrochirus 
104.5 


26 106.3 
Common carp, 


Cyprinus carpio 
106.3 


25 99.15 


Golden trout, 


Oncorhynchus aguabonita 
112.1 


Cutthroat trout, 


Oncorhynchus clarkii 
78.92 


Pink salmon, 


Oncorhynchus gorbuscha 
180.7 


Coho salmon, 


Oncorhynchus kisutch (LS) 
87.05 


Rainbow trout, 


Oncorhynchus mykiss (LS) 
82.88 


Chinook salmon, 


Oncorhynchus tshawytscha (LS) 
82.39 


24 96.72 
Topeka shiner, 


Notropis topeka (LS) 
96.72 
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Table 3.  Ranked Genus Mean Acute Values 


Rank 


GMAV 


(mg TAN/L) Species 


SMAV 


(mg TAN/L) 


23 96.38 
Leopard frog, 


Rana pipiens 
96.38 


22 89.36 
Long fingernailclam, 


Musculium transversum 
89.36 


21 89.06 


Smallmouth bass, 


Micropterus dolomieu 
150.6 


Largemouth bass, 


Micropterus salmoides 
86.02 


Guadalupe bass, 


Micropterus treculii 
54.52 


20 88.62 
Great pond snail, 


Lymnaea stagnalis 
88.62 


19 74.66 
Guppy, 


Poecilia reticulata 
74.66 


18 74.25 


Johnny darter, 


Etheostoma nigrum 
71.45 


Orangethroat darter, 


Etheostoma spectabile 
77.17 


17 72.55 
Rio Grande silvery minnow, 


Hybognathus amarus 
72.55 


16 71.56 


Spring peeper, 


Pseudacris crucifer 
61.18 


Pacific tree frog, 


Pseudacris regilla 
83.71 


15 71.25 


Mucket, 


Actinonaias ligamentina 
63.89 


Pheasantshell, 


Actinonaias pectorosa 
79.46 


14 70.73 
Giant floater mussel, 


Pyganodon grandis 
70.73 


13 69.36 
Shortnose sucker, 


Chasmistes brevirostris 
69.36 


12 68.54 
Pagoda hornsnail, 


Pleurocera uncialis 
68.54 


11 63.02 
Golden shiner, 


Notemigonus crysoleucas 
63.02 


10 62.15 
Pebblesnail, 


Fluminicola sp. 
62.15 


9 56.62 
Lost River sucker, 


Deltistes luxatus(LS) 
56.62 


8 51.93 
Mountain whitefish, 


Prosopium williamsoni 
51.93 


7 47.40 
Atlantic pigtoe, 


Fusconaia masoni 
47.40 


6 46.93 
Pondshell mussel, 


Utterbackia imbecillis 
46.93 


5 46.63 
Pink mucket, 


Lampsilis abrupta (LS) 
26.03 
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Table 3.  Ranked Genus Mean Acute Values 


Rank 


GMAV 


(mg TAN/L) Species 


SMAV 


(mg TAN/L) 


Plain pocketbook, 


Lampsilis cardium 
50.51 


Wavy-rayed lampmussel, 


Lampsilis fasciola 
48.11 


Higgin's eye, 


Lampsilis higginsii (LS) 
41.90 


Neosho mucket, 


Lampsilis rafinesqueana (LS) 
69.97 


Fatmucket, 


Lampsilis siliquoidea 
55.42 


4 34.23 
Rainbow mussel, 


Villosa iris 
34.23 


3 31.14 
Oyster mussel, 


Epioblasma capsaeformis (LS) 
31.14 


2 23.41 
Green floater, 


Lasmigona subviridis 
23.41 


1 23.12 
Ellipse, 


Venustaconcha ellipsiformis 
23.12 


FAV = 33.52 
  


CMC = 17 
  


LS = Federally-listed as threatened or endangered species 


 


Chronic Toxicity to Freshwater Aquatic Animals 


Freshwater chronic toxicity data that meet the test acceptability and quality 


assurance/control criteria are presented in Appendix B.  All tests were conducted with measured 


concentrations of ammonia.  Ammonia chronic toxicity data are available for 21 species of 


freshwater organisms: ten invertebrate species (mussels, clam, snail, cladocerans, daphnid, and 


insect) and 11 fish species, including three Federally-listed salmonid species.  The chronic 


dataset includes data for three freshwater unionid mussel species, one freshwater non-pulmonate 


snail species, and two fish species not included in the 1999 criteria (see Appendix B).  It also 


includes an estimate of chronic effects for the Phylum Annelida, to meet the data requirement of 


a species in “a family in any order of insect or any phylum not already represented,” as described 


below. 


Each chronic test was reviewed to determine acceptability based on the dilution water, 


control mortality, experimental design, organism loading, etc., as consistent with ASTM 


standards, including for freshwater mussels via E2455-06 (ASTM 2006).  The concentration of 
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dissolved oxygen was also reviewed to determine acceptability based on the general limits 


specified in the 1999 AWQC document.  The mean measured dissolved oxygen concentration 


and the lower limit for dissolved oxygen concentration required to be protective varies based on 


taxa group.  The mean dissolved oxygen concentration for toxicity tests should be at least 6.5 


mg/L for salmonids, 6.0 mg/L for invertebrates, and the lower limit of dissolved oxygen should 


be 5.0 mg/L to be protective of both of these groups of organisms (U.S. EPA 1999).  


Based on the determination that the test methodology used was acceptable, the studies 


were evaluated to determine whether the ammonia caused a reduction in (a) survival (if over a 


period of at least seven days), (b) growth, or (c) reproduction.  If the test demonstrated reduction 


in any of these toxicological endpoints, the test could be accepted for use in calculating the 


chronic value (CV).  


Acceptable 28-day survival tests using juvenile freshwater mussels and juvenile 


freshwater snails and growth tests using juvenile freshwater snails were evaluated for inclusion 


in the derivation of the chronic aquatic life criterion when the test concentration caused a 


reduction in survival or growth of 20 percent or more of these types of organisms at those life 


stages.  Based on evaluation of the individual studies (Wang et al. 2007a; Wang et al. 2011), 


growth data for juvenile mussels was not used in the derivation of the chronic criterion due to 


uncertainty in method of measurement for the growth endpoint (see Effects Characterization for 


further discussion).   


All chronic data in individual studies were analyzed using regression analysis to 


demonstrate the presence of a concentration-effect relationship within the test.  For those studies 


that demonstrated a concentration-effect relationship, EPA used regression analysis to estimate 


the EC20.  


Sixteen GMCVs are presented in Appendix B and ranked according to sensitivity in 


Table 4.  The four lowest values were used to calculate the FCV, because values for fewer than 


59 genera exist.  EPA calculated the chronic criterion based on fifth percentile of the GMCVs in 


Table 4.  The GMCVs for the four most sensitive species are ranked below from most to least 


sensitive: 


 


1. Lampsilis spp, Wavy-rayed lamp mussel and Fatmucket (GMCV=2.126 mg TAN/L) 


2. Villosa iris, Rainbow mussel (GMCV= 3.501 mg TAN/L)  
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3. Lepomis spp., Bluegill and Green sunfish (GMCV= 6.920 mg TAN/L) 


4. Musculium transversum, Long fingernailclam (GMCV= 7.547 mg TAN/L) 


 


The chronic criterion magnitude is 1.9 mg TAN/L at 20°C and pH 7.  The four most 


sensitive species are predominantly mollusks although Lepomis species (bluegill and green 


sunfish) comprise the third most sensitive GMCV.  Figure 4 shows the GMCVs ranked 


according to sensitivity and shows the 2013 chronic criteria magnitude as well as the 1999 


criterion value (based on fish early life stages) for comparative purposes.  


 


 


Figure 4.  Ranked Freshwater Genus Mean Chronic Values (GMCVs) with Criterion 


Continuous Concentrations (CCCs). 
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Summaries of studies used in chronic criterion determination 


The following presents a species-by-species discussion of freshwater chronic data used in 


deriving the chronic criterion magnitude for ammonia.  All analyses were conducted in terms of 


TAN, either as reported by the authors or as converted from the reported values for unionized 


ammonia, pH, and temperature (using the speciation relationship in Emerson et al. 1975).  EC20 


values were adjusted to pH 7, and for invertebrates, also adjusted to a temperature of 20°C.  


SMCVs were used when data were available for only one species.  When data for more than one 


species in a taxon were available, GMCVs were calculated from the SMCVs.  All of the CVs 


(EC20 values), SMCVs, and GMCVs derived are tabulated and included in Appendix B.  For 


some of the new chronic data, authors reported EC20 values on the basis of TAN.  In such cases 


these reported CVs were normalized to pH 7 and 20°C (temperature normalization for 


invertebrates only), and utilized for the analysis.  The results of all intermediate calculations such 


as ECs, SMCVs and GMCVs are given to four significant figures to prevent round-off error in 


subsequent calculations, not to reflect the precision of the value.   


 


Lampsilis species 


Lampsilis fasciola (wavy-rayed lampmussel) 


Wang et al. (2007a) published results of the effect of ammonia on survival and growth of 


2-month old juvenile freshwater unionid mussels.  The 28-day juvenile test was part of a series 


of studies designed to refine the methods for conducting acute and chronic toxicity tests with 


early life stages of freshwater mussels.  Dissolved oxygen was maintained above 7.0 mg/L 


during the 28-day test.  Survival in the control treatment and lowest ammonia test concentration 


(0.13 mg TAN/L) were 100 and 83 percent, respectively.  Survival decreased to 30 percent at 


1.02 mg TAN/L, and zero at 1.98 mg TAN/L.  There was no concentration-response relationship 


for either length at 28 days or change in length after 28 days.  Using EPA’s TRAP model (see 


Appendix G), the survival EC20 for this freshwater unionid mussel species is 0.4272 mg TAN/L 


at test temperature (20°C) and pH (8.2), or 1.408 mg TAN/L when adjusted to pH 7 and 20°C 


(Appendix B). 
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Lampsilis siliquoidea (fatmucket) 


In a recent study, Wang et al. (2011) evaluated the influence of substrate on the 


sensitivity of two-month-old juvenile mussels to ammonia in 28-day water-only exposure and 


substrate exposure.  The methods used were similar to those in an earlier study (Wang et al. 


2007a) except for how the organisms were exposed.  In this study, the organisms were housed in 


a glass tube with a screen bottom that was suspended in a beaker.  The authors conducted two 


exposure conditions simultaneously for comparison of the water-only and substrate exposure.  


The organisms used in the water-only exposure were simply placed on the screen at the bottom 


of the tube.  The substrate treatment involved substrate that was screened, eliminating both large 


and small particles, with only particles between 300-500 microns retained, which is essentially 


the grain size of medium sand.  A layer of substrate was placed on the screen and the organisms 


were placed on top of the relatively inert substrate.  In the substrate treatment, the water actively 


flowed past the organisms and through the substrate.  Water chemistry was characterized before 


and after passing through the substrate and found not to be substantially altered.  Furthermore, 


the pH was maintained consistently at approximately pH 8.25 in overlying water and porewater. 


The survival response between the water-only and substrate treatments was similar with a 


reported LOEC of 0.53 mg TAN/L in the water-only and 0.88 mg TAN/L for the substrate 


treatment at the test pH 8.25 and temperature 20°C.   Mean control survival in both the water-


only and substrate treatments was 95% at the end of the 28-day exposures, which met 


acceptability requirements.  Dry weight measurements of the mussels increased by 165% in the 


water-only exposure compared to 590% increase in the substrate exposure suggesting that the 


presence of the substrate increased food availability, as noted by the authors.   


Using TRAP threshold sigmoid regression of the survival response results in an EC20 of 


0.5957 mg TAN/L for the water-only and EC20 0.8988 mg TAN/L for the substrate exposure at 


the test pH and temperature, or adjusted to pH 7 and 20
°
C, chronic values equivalent to 2.128 


and 3.211 mg TAN/L, respectively (Appendix B).  Based on the apparent improved health of the 


test organisms in the substrate exposures, and the lack of any significant alteration of water 


chemistry in the exposure, the SMCV 3.211 mg TAN/L, based on survival of juvenile fatmucket 


from the substrate exposures is used to calculate the CCC rather than the water-only exposure. 
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The geometric mean of SMCVs for fatmucket and wavy-rayed lamp mussel of 3.211 and 


1.408 mg TAN/L, respectively, results in a GMCV of 2.126 mg TAN/L for the genus Lampsilis 


(Table 4). 


 


Villosa iris (rainbow mussel) 


The effect of ammonia on survival and growth of this freshwater unionid mussel species 


was also reported in the study by Wang et al. (2007a).  Juvenile (2-month-old) rainbow mussels 


were tested via a 28-day test under similar conditions as described above.  Survival was ≥ 98 


percent up to the 0.81 mg TAN/L exposure, but fell to 15 percent at 1.67 mg TAN/L and zero 


percent at 3.45 and 7.56 mg TAN/L.  EPA’s TRAP was used to generate a chronic value for this 


species based on survival resulting in EC20 of 1.063 mg TAN/L at test temperature (20°C) and 


pH (8.2) – (Appendix G), or 3.501 mg TAN/L adjusted to pH 7.0.  Wang et al. (2007a) elected to 


exclude length estimates for concentrations above those where significant survival effects were 


measured (or in this case, 1.67 mg TAN/L).  As a result, growth data are available for only three 


effect concentrations, even though there was 15% survival at the 1.67 mg TAN/L treatment 


level.  Due to the uncertainties in the limited growth data for this test the growth data was not 


used in the calculation of the GMCV.   


The SMCV and GMCV for this freshwater unionid mussel species is 3.501 mg TAN/L 


when adjusted to pH 7 and 20°C (Appendix B). 


 


Lepomis species 


Lepomis cyanellus (green sunfish) 


Reinbold and Pescitelli (1982a) conducted a 31-day early life-stage (ELS) test that started 


with <24-hour-old embryos.  No information was reported concerning the DO concentration, but 


it averaged 70 to 76 percent of saturation (5.7 to 6.2 mg/L) in a similar test in the same report 


with another fish species at about the same temperature.  The weight data were not used in the 


calculation of an EC20 because of the greater weight of the fish in test chambers containing fewer 


fish, which indicated that weight was density-dependent.  Although overflows resulted in loss of 


fish from some chambers, survival was 96 percent in one of the chambers affected by overflow, 


indicating that the survival data were either adjusted or not affected by the overflows. Survival 


by the end of the test was reduced at test concentrations of 6.3 mg TAN/L and above.  TRAP 
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analysis of the survival data resulted in an EC20 of 5.840 mg TAN/L at pH 8.16 and 25.4
°
C (U.S. 


EPA 1999).  Adjusted to pH 7, the EC20 is 18.06 mg TAN/L (Appendix B). 


McCormick et al. (1984) conducted a 44-day ELS test starting with <24-hour-old 


embryos.  During this test, no effect was found on percent hatch, but survival and growth were 


both reduced at measured test concentrations of 14 mg TAN/L and above.  TRAP analysis using 


biomass resulted in an EC20 of 5.61 mg TAN/L at pH 7.9 and 22.0
°
C for the test (U.S. EPA 


1999).  Adjusted to pH 7, the EC20 calculated using the data as previously reported in U.S. EPA 


(1999) is 11.85 mg TAN/L (Appendix B). 


The pH-adjusted EC20s of 18.06 mg TAN/L from Reinbold and Pescitelli (1982a) and 


11.85 mg TAN/L from McCormick et al. (1984) agree well with one another.  It is possible that 


the second value is lower because it was based on survival and growth, whereas the first value 


was based only on survival.  The results of the tests were deemed acceptable for use in 


calculating a SMCV for the species, which is 14.63 mg TAN/L (Table 4) at pH 7.   


 


Lepomis macrochirus (bluegill) 


Similar to the studies summarized above for L. cyanellus, Smith et al. (1984) conducted a 


30-day ELS test starting with <28-hour old embryos of L. macrochirus.  No information was 


reported concerning the DO concentration, but the flow-rate was kept high during the test.  In 


this study, the authors found no significant reduction in percent hatch up to a test concentration 


of 37 mg TAN/L, but hatched larvae were deformed at this concentration and died within six 


days.  By the end of the test, both survival and growth were greatly reduced at measured test 


concentrations ranging from 3.75 to 18 mg TAN/L.  TRAP analysis of biomass resulted in 


calculation of an EC20 of 1.85 mg TAN/L at pH 7.76 and 22.5
°
C (U.S. EPA 1999).  The EC20 


adjusted to pH 7 is 3.273 mg TAN/L (Appendix B). 


The SMCV for the bluegill is 3.273 mg TAN/L, which, when calculated as a geometric 


mean with the SMCV of 14.63 mg TAN/L for green sunfish, results in a GMCV of 6.920 for the 


genus Lepomis (Table 4). 


 


Musculium transversum 


Anderson et al. (1978) conducted two 42-day tests of the effect of ammonia on survival 


of field-collected juvenile clams whose length averaged 2.2 mm.  The results of the two tests 
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were similar so the data were pooled for analysis.  Survival in the control treatment and low 


ammonia concentrations (<5.1 mg TAN/L) ranged from 79 to 90%, but decreased to zero at 18 


mg TAN/L.  TRAP analysis of the survival data resulted in a calculated EC20 of 5.820 mg 


TAN/L at 23.5
°
C and pH 8.15.  The EC20 is 22.21 mg TAN/L when adjusted to pH 7 and 20


°
C 


(Appendix B). 


Sparks and Sandusky (1981) conducted a test similar to Anderson et al. (1978) with field-


collected juvenile clams whose average length was 2.1 mm.  The test was conducted in the same 


laboratory and used test organisms from the same location in the Mississippi River as Anderson 


et al. (1978), but employed a feeding regime and food for the test that was deemed by the authors 


to be better suited to maintaining the health of fingernail clams during chronic toxicity testing.  


Survival in the control treatment was 92% and decreased with increasing concentration of 


ammonia to 17% at 18 mg TAN/L.  Effects on survival were evident at lower concentrations, 


resulting in an EC20 of only 1.23 mg TAN/L at 21.8
°
C and pH 7.80 when calculated using 


TRAP.  The EC20 adjusted to pH 7 and 20
°
C is 2.565 mg TAN/L (Appendix B).   


Although this latter EC20 determined for the test reported by Sparks and Sandusky (1981) 


is substantially lower than that obtained by Anderson et al. (1978), the difference is less than a 


factor of 10, and thus, the SMCV for this species (at pH 7 and 20
°
C) is the geometric mean of the 


two values, or 7.547 mg TAN/L (Table 4).   
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Table 4.  Ranked Genus Mean Chronic Values. 


Rank 


GMCV  


(mg TAN/L) Species 


SMCV  


(mg TAN/L) 


16 73.74 
Stonefly, 


Pteronarcella badia 
73.74 


15 53.75 


Water flea, 


Ceriodaphnia acanthina 
64.10 


Water flea, 


Ceriodaphnia dubia 
45.08 


14 41.46 
Water flea, 


Daphnia magna 
41.46 


13 29.17 
Amphipod, 


Hyalella azteca 
29.17 


12 21.36 
Channel catfish, 


Ictalurus punctatus 
21.36 


11 20.38 
Northern pike, 


Esox lucius 
20.38 


10 16.53 
Common carp, 


Cyprinus carpio 
16.53 


9 12.02 


Lahontan cutthroat trout, 


Oncorhynchus clarkii henshawi 


(LS)* 


25.83 


Rainbow trout, 


Oncorhynchus mykiss (LS) 
6.663 


Sockeye salmon, 


Oncorhynchus nerka (LS) 
10.09 


8 11.62 
White sucker, 


Catostomus commersonii 
11.62 


7 11.07 
Smallmouth bass, 


Micropterus dolomieu 
11.07 


6 9.187 
Fathead minnow, 


Pimephales promelas 
9.187 


5 7.828 
Pebblesnail, 


Fluminicola sp. 
7.828 


4 7.547 
Long fingernailclam, 


Musculium transversum 
7.547 


3 6.920 


Green sunfish, 


Lepomis cyanellus 
14.63 


Bluegill, 


Lepomis macrochirus 
3.273 


2 3.501 
Rainbow mussel, 


Villosa iris  
3.501 


1 2.126 


Fatmucket, 


Lampsilis siliquoidea 
3.211 


Wavy-rayed lamp mussel, 


Lampsilis fasciola 
1.408 


FCV = 1.887 mg TAN/L 
  


CCC = 1.9 mg TAN/L   


LS= Federally-listed species as threatened or endangered 


LS* = Listed at the subspecies only for specific populations 
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The National Criteria for Ammonia in Fresh Water 


This ammonia criteria update document recommends an acute criterion magnitude of 17 


mg TAN/L and a chronic criterion magnitude of 1.9 mg TAN/L at pH 7 and 20°C, with the 


stipulation that the chronic criterion cannot exceed 4.8 mg TAN/L as a 4-day average.  All 


criteria magnitudes are recommended not to be exceeded more than once in three years on 


average.   


 


2013 Final Aquatic Life Criteria for Ammonia  


(Magnitude, Frequency, and Duration)  


(mg TAN/L) 


pH 7.0, T=20°C 


Acute 


(1-hour average) 
17 


Chronic 


(30-day rolling average) 
1.9* 


*Not to exceed 2.5 times the CCC as a 4-day average within 


the 30-days, i.e. 4.8 mg TAN/L at pH 7 and 20°C, more than 


once in three years on average. 


Criteria frequency: Not to be exceeded more than once in 


three years on average. 


 


The available data for ammonia indicate that, except possibly where an unusually 


sensitive species is important at a site, freshwater aquatic life will be protected if these criteria 


are met.  Tables 5a and 5b below provide the temperature and pH-dependent values of the CMC 


(acute criterion magnitude) and Table 6 provides the temperature and pH-dependent values of 


the CCC (chronic criterion magnitude) based on the following recommended criterion 


calculations derived for this update. 


 


Acute criterion calculations 


The one-hour average concentration of total ammonia nitrogen (in mg TAN/L) is not to 


exceed, more than once every three years on the average, the CMC (acute criterion magnitude) 


calculated using the following equation:  
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The 2013 CMC equation is predicated on the following: 


 


1. The lowest GMAV in this criterion update is for an invertebrate species; thus, the CMC is 


both pH- and temperature-dependent and varies with temperature according to the invertebrate 


acute temperature relationship.  The lowest GMAV is 23.12 mg TAN/L for Venustaconcha 


(Table 3).  The updated CMC (rounded to 4 significant figures) of 16.76 mg TAN/L at pH 7 and 


20°C is 27.5 percent lower than this value.  The CMC divided by the lowest GMAV is 0.7249.   


 


2. Where salmonids in the Genus Oncorhynchus are present, EPA’s recommended acute 


criterion magnitude is protective of the commercially and recreationally important adult rainbow 


trout, which becomes the most sensitive endpoint at lower temperatures (see footnotes pertaining 


to the 1999 FAV in Table 7 and Appendix A).  Vertebrate sensitivity to ammonia is independent 


of temperature, while invertebrate sensitivity to ammonia decreases as temperature decreases.  


Therefore, across all temperatures the CMC equals the lower of: a) 0.7249 times the temperature 


adjusted lowest invertebrate GMAV (for Ellipse 23.12 mg TAN/L times 0.7249, or 16.76 mg 


TAN/L at pH 7.0 and 20ºC), or (b) the FAV protective of adult rainbow trout (48.21 mg TAN/L) 


divided by two, or 24.10 mg TAN/L at pH 7.0 and across all temperatures, according to the 


following temperature relationship: 


 


   (       )     (      (             (        (    )))) 


 


Thus, the CMC increases with decreasing temperature as a result of increased invertebrate 


insensitivity until it reaches a plateau of 24.10 mg TAN/L at 15.7°C and below, where the most 


sensitive taxa is the temperature invariant rainbow trout (Table 5a; see also Oncorhynchus 


present line in Figure 5a).  
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3. Where Oncorhynchus species are absent, EPA retains all tested species in the order 


Salmoniformes as tested surrogate species representing untested freshwater fish resident in the 


U.S. from another order, but does not lower the criterion to protect them as commercially and 


recreationally important species.  The lowest GMAV for a freshwater fish is 51.93 mg TAN/L 


for mountain whitefish (Prosopium williamsoni) (Table 3). Therefore, in this case, the CMC 


equals the lower of: a) 0.7249 times the temperature adjusted lowest invertebrate GMAV (for 


Ellipse 23.12 mg TAN/L times 0.7249, or 16.76 mg TAN/L at pH 7.0 and 20ºC), or (b) 0.7249 


times the lowest freshwater fish GMAV (51.93 mg TAN/L at pH 7.0 and all temperatures), 


according to the following temperature relationship: 


 


   (       )            (                    (    )) 


 


Thus, the CMC increases with decreasing temperature as a result of increased invertebrate 


insensitivity until it reaches a plateau of 37.65 mg TAN/L at 10.2°C and below (51.93 mg 


TAN/L x 0.7249), where the most sensitive taxa switches to the temperature invariant fish genus 


Prosopium (Table 5b; see also Oncorhynchus absent line in Figure 5a).  Note: while the 


mountain whitefish (Prosopium williamsoni) is a species in the same family as Oncorhynchus 


species (i.e., Family: Salmonidae), it is also an appropriately sensitive surrogate species amongst 


all freshwater fish in the Class Actinopterygii.  


 


The CMC, where Oncorhynchus species are absent, extrapolated across both temperature and pH 


is as follows: 


 


             
      


            
 


      


            
    (                    (    )) 


 


4. When a threatened or endangered species occurs at a site and sufficient data indicate that it is 


sensitive at 1-hour average concentrations below the CMC, it is appropriate to consider deriving 


a site-specific criterion magnitude.  It should be noted that the dataset used to derive the 2013 
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ammonia criteria magnitudes included some threatened or endangered species, none of which 


were the most sensitive of the species tested. 


 


In summary, at pH 7 and 20°C the CMC is 17 mg TAN/L, as primarily determined by the 


sensitivity of invertebrates.  As temperature decreases to 15.7°C and below, invertebrates no 


longer are the most sensitive taxa, and thus in this range the CMC is 24 mg TAN/L. Where 


recreationally and/or commercially important Oncorhynchus species are not present, the CMC is 


determined according to statement three above.  Below 15.7°C, if Oncorhynchus species are not 


present the criterion continues to increase with decreasing temperature to 10.2°C and below, 


where the CMC is 38 mg TAN/L. 


 


 


Figure 5a.  2013 Acute Criterion Magnitudes Extrapolated Across a Temperature Gradient 


at pH 7. 
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Table 5a.  Temperature and pH-Dependent Values of the CMC (Acute Criterion Magnitude) – Oncorhynchus spp. Present.  


 


 Temperature (°C) 


pH 0-14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


6.5 33 33 32 29 27 25 23 21 19 18 16 15 14 13 12 11 9.9 


6.6 31 31 30 28 26 24 22 20 18 17 16 14 13 12 11 10 9.5 


6.7 30 30 29 27 24 22 21 19 18 16 15 14 13 12 11 9.8 9.0 


6.8 28 28 27 25 23 21 20 18 17 15 14 13 12 11 10 9.2 8.5 


6.9 26 26 25 23 21 20 18 17 15 14 13 12 11 10 9.4 8.6 7.9 


7.0 24 24 23 21 20 18 17 15 14 13 12 11 10 9.4 8.6 8.0 7.3 


7.1 22 22 21 20 18 17 15 14 13 12 11 10 9.3 8.5 7.9 7.2 6.7 


7.2 20 20 19 18 16 15 14 13 12 11 9.8 9.1 8.3 7.7 7.1 6.5 6.0 


7.3 18 18 17 16 14 13 12 11 10 9.5 8.7 8.0 7.4 6.8 6.3 5.8 5.3 


7.4 15 15 15 14 13 12 11 9.8 9.0 8.3 7.7 7.0 6.5 6.0 5.5 5.1 4.7 


7.5 13 13 13 12 11 10 9.2 8.5 7.8 7.2 6.6 6.1 5.6 5.2 4.8 4.4 4.0 


7.6 11 11 11 10 9.3 8.6 7.9 7.3 6.7 6.2 5.7 5.2 4.8 4.4 4.1 3.8 3.5 


7.7 9.6 9.6 9.3 8.6 7.9 7.3 6.7 6.2 5.7 5.2 4.8 4.4 4.1 3.8 3.5 3.2 3.0 


7.8 8.1 8.1 7.9 7.2 6.7 6.1 5.6 5.2 4.8 4.4 4.0 3.7 3.4 3.2 2.9 2.7 2.5 


7.9 6.8 6.8 6.6 6.0 5.6 5.1 4.7 4.3 4.0 3.7 3.4 3.1 2.9 2.6 2.4 2.2 2.1 


8.0 5.6 5.6 5.4 5.0 4.6 4.2 3.9 3.6 3.3 3.0 2.8 2.6 2.4 2.2 2.0 1.9 1.7 


8.1 4.6 4.6 4.5 4.1 3.8 3.5 3.2 3.0 2.7 2.5 2.3 2.1 2.0 1.8 1.7 1.5 1.4 


8.2 3.8 3.8 3.7 3.5 3.1 2.9 2.7 2.4 2.3 2.1 1.9 1.8 1.6 1.5 1.4 1.3 1.2 


8.3 3.1 3.1 3.1 2.8 2.6 2.4 2.2 2.0 1.9 1.7 1.6 1.4 1.3 1.2 1.1 1.0 0.96 


8.4 2.6 2.6 2.5 2.3 2.1 2.0 1.8 1.7 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 


8.5 2.1 2.1 2.1 1.9 1.8 1.6 1.5 1.4 1.3 1.2 1.1 0.98 0.90 0.83 0.77 0.71 0.65 


8.6 1.8 1.8 1.7 1.6 1.5 1.3 1.2 1.1 1.0 0.96 0.88 0.81 0.75 0.69 0.63 0.59 0.54 


8.7 1.5 1.5 1.4 1.3 1.2 1.1 1.0 0.94 0.87 0.80 0.74 0.68 0.62 0.57 0.53 0.49 0.45 


8.8 1.2 1.2 1.2 1.1 1.0 0.93 0.86 0.79 0.73 0.67 0.62 0.57 0.52 0.48 0.44 0.41 0.37 


8.9 1.0 1.0 1.0 0.93 0.85 0.79 0.72 0.67 0.61 0.56 0.52 0.48 0.44 0.40 0.37 0.34 0.32 


9.0 0.88 0.88 0.86 0.79 0.73 0.67 0.62 0.57 0.52 0.48 0.44 0.41 0.37 0.34 0.32 0.29 0.27 


 







 


45 


 


Table 5b.  Temperature and pH-Dependent Values of the CMC (Acute Criterion Magnitude) – Oncorhynchus spp. Absent.  


 


 Temperature (°C) 


pH 0-10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


6.5 51 48 44 41 37 34 32 29 27 25 23 21 19 18 16 15 14 13 12 11 9.9 


6.6 49 46 42 39 36 33 30 28 26 24 22 20 18 17 16 14 13 12 11 10 9.5 


6.7 46 44 40 37 34 31 29 27 24 22 21 19 18 16 15 14 13 12 11 9.8 9.0 


6.8 44 41 38 35 32 30 27 25 23 21 20 18 17 15 14 13 12 11 10 9.2 8.5 


6.9 41 38 35 32 30 28 25 23 21 20 18 17 15 14 13 12 11 10 9.4 8.6 7.9 


7.0 38 35 33 30 28 25 23 21 20 18 17 15 14 13 12 11 10 9.4 8.6 7.9 7.3 


7.1 34 32 30 27 25 23 21 20 18 17 15 14 13 12 11 10 9.3 8.5 7.9 7.2 6.7 


7.2 31 29 27 25 23 21 19 18 16 15 14 13 12 11 9.8 9.1 8.3 7.7 7.1 6.5 6.0 


7.3 27 26 24 22 20 18 17 16 14 13 12 11 10 9.5 8.7 8.0 7.4 6.8 6.3 5.8 5.3 


7.4 24 22 21 19 18 16 15 14 13 12 11 9.8 9.0 8.3 7.7 7.0 6.5 6.0 5.5 5.1 4.7 


7.5 21 19 18 17 15 14 13 12 11 10 9.2 8.5 7.8 7.2 6.6 6.1 5.6 5.2 4.8 4.4 4.0 


7.6 18 17 15 14 13 12 11 10 9.3 8.6 7.9 7.3 6.7 6.2 5.7 5.2 4.8 4.4 4.1 3.8 3.5 


7.7 15 14 13 12 11 10 9.3 8.6 7.9 7.3 6.7 6.2 5.7 5.2 4.8 4.4 4.1 3.8 3.5 3.2 2.9 


7.8 13 12 11 10 9.3 8.5 7.9 7.2 6.7 6.1 5.6 5.2 4.8 4.4 4.0 3.7 3.4 3.2 2.9 2.7 2.5 


7.9 11 9.9 9.1 8.4 7.7 7.1 6.6 3.0 5.6 5.1 4.7 4.3 4.0 3.7 3.4 3.1 2.9 2.6 2.4 2.2 2.1 


8.0 8.8 8.2 7.6 7.0 6.4 5.9 5.4 5.0 4.6 4.2 3.9 3.6 3.3 3.0 2.8 2.6 2.4 2.2 2.0 1.9 1.7 


8.1 7.2 6.8 6.3 5.8 5.3 4.9 4.5 4.1 3.8 3.5 3.2 3.0 2.7 2.5 2.3 2.1 2.0 1.8 1.7 1.5 1.4 


8.2 6.0 5.6 5.2 4.8 4.4 4.0 3.7 3.4 3.1 2.9 2.7 2.4 2.3 2.1 1.9 1.8 1.6 1.5 1.4 1.3 1.2 


8.3 4.9 4.6 4.3 3.9 3.6 3.3 3.1 2.8 2.6 2.4 2.2 2.0 1.9 1.7 1.6 1.4 1.3 1.2 1.1 1.0 0.96 


8.4 4.1 3.8 3.5 3.2 3.0 2.7 2.5 2.3 2.1 2.0 1.8 1.7 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 


8.5 3.3 3.1 2.9 2.7 2.4 2.3 2.1 1.9 1.8 1.6 1.5 1.4 1.3 1.2 1.1 0.98 0.90 0.83 0.77 0.71 0.65 


8.6 2.8 2.6 2.4 2.2 2.0 1.9 1.7 1.6 1.5 1.3 1.2 1.1 1.0 0.96 0.88 0.81 0.75 0.69 0.63 0.58 0.54 


8.7 2.3 2.2 2.0 1.8 1.7 1.6 1.4 1.3 1.2 1.1 1.0 0.94 0.87 0.80 0.74 0.68 0.62 0.57 0.53 0.49 0.45 


8.8 1.9 1.8 1.7 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 0.73 0.67 0.62 0.57 0.52 0.48 0.44 0.41 0.37 


8.9 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.85 0.79 0.72 0.67 0.61 0.56 0.52 0.48 0.44 0.40 0.37 0.34 0.32 


9.0 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 0.73 0.67 0.62 0.57 0.52 0.48 0.44 0.41 0.37 0.34 0.32 0.29 0.27 
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Chronic criterion calculations 


 The thirty-day rolling average concentration of total ammonia nitrogen (in mg TAN/L) is 


not to exceed, more than once every three years on the average, the chronic criterion magnitude 


(CCC) calculated using the following equation: 


 


             (
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 In addition, the highest four-day average within the 30-day averaging period should not 


be more than 2.5 times the CCC (e.g., 2.5 x 1.9 mg TAN/L at pH 7 and 20°C or 4.8 mg TAN/L) 


more than once in three years on average. 


 


The 2013 CCC equation is predicated on the following: 


 


1.  The lowest GMCV in this criteria update is for an invertebrate species; thus, the CCC is both 


pH- and temperature-dependent (based on the invertebrate chronic temperature relationship).  


The lowest GMCV is 2.126 mg TAN/L for Villosa iris (Table 4).  The updated CCC (rounded to 


4 significant figures) of 1.887 mg TAN/L at pH 7and 20°C is 11.2 percent lower than the lowest 


GMCV.  The CCC to lowest GMCV ratio is 0.8876.   


 


2.  The most sensitive freshwater fish to chronic ammonia exposure are early life stages of 


Lepomis with a GMCV of 6.920 mg TAN/L (Table 4).  At a pH of 7 and temperature of 7°C and 


below, the CCC plateaus (see Figure 5b) at 4.363 mg TAN/L, which is lower than the GMCV for 


Lepomis, the most sensitive fish, multiplied by the CCC to lowest GMCV ratio (or 6.920 mg 


TAN/L x 0.8876 = 6.142 mg TAN/L); thus, at pH 7, the CCC is expressed as: 


 


            (                (      (   ))) 


 


This function increases steadily with decreasing temperature (T), until it reaches a maximum at 


7°C, below which it remains constant (see Table 6; also shown graphically in Figure 5b).  The 


rationale for the 7°C plateau in extrapolated invertebrate sensitivities is described in detail in 
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Appendix M.  The assumption of invertebrate insensitivity to temperatures of 7°C and below is 


based on an interpretation of the empirical relationship between acute ammonia toxicity of 


invertebrates and temperature, first described by Arthur et al. (1987), and in Appendix M). 


 


3.  All new chronic fish data added to this update of the freshwater AWQC for ammonia are 


from early life-stage tests of the species (see new data for Oncorhynchus clarkii henshawi, 


Oncorhynchus mykiss, Esox lucius, and Cyprinus carpio in Appendix B), and since the new 


chronic criterion magnitude lies far below all chronic values for these fishes (as well as for 


Lepomis spp.), the early life stage of fish no longer warrants special consideration. 


 


4.  Where a threatened or endangered species occurs at a site and sufficient data indicate that it is 


sensitive at concentrations below the CCC, it is appropriate to consider deriving a site-specific 


criterion magnitude. 


 


In summary, at pH 7 and 20°C the CCC of 1.9 mg TAN/L is determined by the 


sensitivity of invertebrates.  As temperature decreases, invertebrate sensitivity to ammonia 


decreases until the CCC reaches a maximum of 4.4 mg TAN/L at pH 7 and temperature of 7°C 


and below. 


 


  







 


48 


 


 


Figure 5b.  2013 Chronic Criterion Magnitudes Extrapolated Across a Temperature 


Gradient at pH 7. 
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Table 6.  Temperature and pH-Dependent Values of the CCC (Chronic Criterion Magnitude). 


 


 Temperature (°C) 


pH 0-7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


6.5 4.9 4.6 4.3 4.1 3.8 3.6 3.3 3.1 2.9 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.8 1.6 1.5 1.5 1.4 1.3 1.2 1.1 


6.6 4.8 4.5 4.3 4.0 3.8 3.5 3.3 3.1 2.9 2.7 2.5 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.3 1.2 1.1 


6.7 4.8 4.5 4.2 3.9 3.7 3.5 3.2 3.0 2.8 2.7 2.5 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 


6.8 4.6 4.4 4.1 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 


6.9 4.5 4.2 4.0 3.7 3.5 3.3 3.1 2.9 2.7 2.5 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 


7.0 4.4 4.1 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.3 2.2 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 0.99 


7.1 4.2 3.9 3.7 3.5 3.2 3.0 2.8 2.7 2.5 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.95 


7.2 4.0 3.7 3.5 3.3 3.1 2.9 2.7 2.5 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.3 1.2 1.1 1.0 0.96 0.90 


7.3 3.8 3.5 3.3 3.1 2.9 2.7 2.6 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.3 1.2 1.1 1.0 0.97 0.91 0.85 


7.4 3.5 3.3 3.1 2.9 2.7 2.5 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.3 1.2 1.1 1.0 0.96 0.90 0.85 0.79 


7.5 3.2 3.0 2.8 2.7 2.5 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.95 0.89 0.83 0.78 0.73 


7.6 2.9 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.8 1.6 1.5 1.4 1.4 1.3 1.2 1.1 1.1 0.98 0.92 0.86 0.81 0.76 0.71 0.67 


7.7 2.6 2.4 2.3 2.2 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 1.0 0.94 0.88 0.83 0.78 0.73 0.68 0.64 0.60 


7.8 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.95 0.89 0.84 0.79 0.74 0.69 0.65 0.61 0.57 0.53 


7.9 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.95 0.89 0.84 0.79 0.74 0.69 0.65 0.61 0.57 0.53 0.50 0.47 


8.0 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 1.0 0.94 0.88 0.83 0.78 0.73 0.68 0.64 0.60 0.56 0.53 0.50 0.44 0.44 0.41 


8.1 1.5 1.5 1.4 1.3 1.2 1.1 1.1 0.99 0.92 0.87 0.81 0.76 0.71 0.67 0.63 0.59 0.55 0.52 0.49 0.46 0.43 0.40 0.38 0.35 


8.2 1.3 1.2 1.2 1.1 1.0 0.96 0.90 0.84 0.79 0.74 0.70 0.65 0.61 0.57 0.54 0.50 0.47 0.44 0.42 0.39 0.37 0.34 0.32 0.30 


8.3 1.1 1.1 0.99 0.93 0.87 0.82 0.76 0.72 0.67 0.63 0.59 0.55 0.52 0.49 0.46 0.43 0.40 0.38 0.35 0.33 0.31 0.29 0.27 0.26 


8.4 0.95 0.89 0.84 0.79 0.74 0.69 0.65 0.61 0.57 0.53 0.50 0.47 0.44 0.41 0.39 0.36 0.34 0.32 0.30 0.28 0.26 0.25 0.23 0.22 


8.5 0.80 0.75 0.71 0.67 0.62 0.58 0.55 0.51 0.48 0.45 0.42 0.40 0.37 0.35 0.33 0.31 0.29 0.27 0.25 0.24 0.22 0.21 0.20 0.18 


8.6 0.68 0.64 0.60 0.56 0.53 0.49 0.46 0.43 0.41 0.38 0.36 0.33 0.31 0.29 0.28 0.26 0.24 0.23 0.21 0.20 0.19 0.18 0.16 0.15 


8.7 0.57 0.54 0.51 0.47 0.44 0.42 0.39 0.37 0.34 0.32 0.30 0.28 0.27 0.25 0.23 0.22 0.21 0.19 0.18 0.17 0.16 0.15 0.14 0.13 


8.8 0.49 0.46 0.43 0.40 0.38 0.35 0.33 0.31 0.29 0.27 0.26 0.24 0.23 0.21 0.20 0.19 0.17 0.16 0.15 0.14 0.13 0.13 0.12 0.11 


8.9 0.42 0.39 0.37 0.34 0.32 0.30 0.28 0.27 0.25 0.23 0.22 0.21 0.19 0.18 0.17 0.16 0.15 0.14 0.13 0.12 0.12 0.11 0.10 0.09 


9.0 0.36 0.34 0.32 0.30 0.28 0.26 0.24 0.23 0.21 0.20 0.19 0.18 0.17 0.16 0.15 0.14 0.13 0.12 0.11 0.11 0.10 0.09 0.09 0.08 
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Additional explanation and justification supporting the 2013 temperature and pH-


dependent calculations and criteria magnitudes 


Part of a criterion magnitude derivation is the estimation of the CMC or CCC based on 


the set of toxicity values available for different genera.  The CMC or CCC estimate is intended to 


be equivalent to what would be obtained by simple inspection if many genera had been tested.  


Generally, the CMC or CCC is below the lowest value.  For small datasets (<19) it is assumed 


that the fifth percentile is lower than the lowest toxicity value.  Because the CMC is one half of 


the fifth percentile (i.e., FAV/2), it is frequently lower than the lowest GMAV even in large 


datasets.  Because the extrapolation procedure used to calculate the FAV or FCV/CCC is based 


on the slope of the four most sensitive genera, when there are data for less than 59 genera, if the 


genera vary widely in sensitivity, the extrapolated criterion value is further below the lowest 


value than if the criteria were tightly grouped.  This is statistically appropriate because when 


variance is high (i.e., values are widely spaced), the fifth percentile of the distribution would be 


expected to lie further below the lowest value of a small dataset than if the variance was low. 


This extrapolation procedure, while appropriate for criteria derivations across chemicals 


with different variances for genus sensitivities, is not necessarily appropriate when the genera are 


following different temperature or life stage dependencies.  Sensitivities can change with 


temperature or life stage, and as a result, the spread of the four lowest GMAVs or GMCVs, and 


the resulting degree of extrapolation to the fifth percentile of sensitivity, can also change.  Rather 


than develop separate sets of GMAVs and GMCVs for each temperature and re-computing 


iteratively the CMC or CCC from the four most sensitive GMAVs or GMCVs at each 


temperature-pH combination, the extrapolation approach described below was used. 


This issue of extrapolation to different temperatures and pH values with regard to chronic 


toxicity was addressed in the 1999 AWQC document for ammonia by first calculating the ratio 


of the CCC to the lowest GMCV, and then applying that ratio to subsequent criteria calculations 


for all possible pH and temperature combinations.  The rationale of this approach was that it 


offered a degree of extrapolation that was modest and reasonable given the relatively low 


number of tested genera, and that it was a preferable approach to the alternative procedure of 


calculating CCCs directly from new sets of GMCVs for each pH-temperature combination, as 


each combination could result in different degrees of extrapolation, some of which could be 


more than 50 percent below the lowest GMCV. 
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In the 1999 AWQC document, the temperature extrapolations for the CCC determination 


described above were conducted separately for adult fish, fish early life stages, and invertebrates.  


This was because fish GMCVs are not affected by temperature, and because the most sensitive 


fish species was an early life stage of Lepomis.  As a consequence, even though the lowest 


GMCV at 20°C was for an invertebrate, as temperature decreases, invertebrates, but not fish, 


become less sensitive to ammonia, and below 14.6°C, fish genera become the most sensitive.  


However, the above scenario is not applicable now because at the new recommended CCC (1.9 


mg TAN/L), invertebrate genera are the most sensitive across the entire temperature range. 


In the 1999 AWQC document, the most sensitive GMAVs were for fish, and because the 


sensitivities of fish to ammonia did not vary with temperature, no temperature extrapolation was 


performed.  In contrast, the lowest GMAVs in this document are for invertebrates, and as a 


consequence, the temperature extrapolation procedure is similarly applied to the CMC as well as 


the CCC. 


For the reassessment of the pH-TAN acute toxicity relationship, EPA has determined that 


the current pH-TAN acute toxicity relationship equation effectively represents the pH-TAN 


toxicity relationship for L. siliquoidea (as determined by Wang et al. 2008), as well as for other 


invertebrates, Potamopyrgus antipodarum (snail), Macrobrachium rosenbergii (freshwater 


shrimp), and H. azteca (amphipod), as tested by Hickey and Vickers (1994), Straus et al. (1991), 


and Borgmann and Borgmann (1997), respectively. Also, for the reassessment of the 


temperature-TAN acute toxicity relationship, EPA similarly determined that the current 


temperature-TAN acute toxicity relationship equation effectively represents the temperature-


TAN toxicity relationship for other invertebrates, P. antipodarum (snail), Branchiura sowerbyi 


(oligochaete), and Viviparus bengalensis (snail) as tested by Hickey and Vickers (1994) and 


Sarkar (1997), respectively. 


 


Protection of downstream waters 


EPA regulations at 40 CFR 131.10(b) provide that “[i]n designating uses of a water body 


and the appropriate criteria for those uses, the state shall take into consideration the water quality 


standards of downstream waters and ensure that its water quality standards provide for the 


attainment and maintenance of the water quality standards of downstream waters.”  In cases 


where downstream waters are characterized by higher pH and/or temperature, or harbor more 
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sensitive species, ammonia criteria more stringent than those required to protect in-stream uses 


may be necessary in order to ensure that water quality standards provide for the attainment and 


maintenance of the water quality standards of downstream waters. 


 


Considerations for site-specific criteria derivation 


At water temperatures above 15.7°C, the 2013 acute criteria magnitude is based on 


effects to freshwater unionid mussels.  However, when the temperature is below 15.7°C, and 


salmonids are present (even when mussels or other sensitive mollusk species are present), 


salmonid sensitivity determines the acute criterion (regardless of pH), similar to the 1999 acute 


criterion, which was based on effects on salmonids (i.e., adult rainbow trout).  Where unionid 


mussels and other sensitive related mollusk species are absent, the commercially and 


recreationally important adult rainbow trout is the most sensitive species.  Site-specific criteria 


derivation must take into account the temperature at the site.  As an example, the acute criterion 


magnitude at pH 7 and temperature 20°C cannot exceed 24 mg TAN/L (the rainbow trout SMAV 


of 48.21 mg TAN/L, divided by two, used in this 2013 update as being representative of the most 


sensitive fish in general). 


The 1999 chronic criterion (CCC) magnitude was based on the effects on fish early life 


stages, whereas based on the new data, the 2013 CCC magnitude is based on the effects on 


sensitive invertebrate genera, including unionid mussels.  When mussels are present, the 2013 


CCC magnitude is protective of fish early life stages regardless of temperature.  See Appendix N 


for additional information on site-specific criteria for ammonia. 


 


EFFECTS CHARACTERIZATION 


The purpose of this section is to characterize the potential effects of ammonia on aquatic 


life considering available test data and to describe additional lines of evidence not used directly 


in the criteria calculations, but which support the 2013 aquatic life criteria values.  This section 


will also provide a summary of the uncertainties and assumptions, as well as provide 


explanations for decisions regarding data acceptability and usage in the effects assessment.  In 


addition, this section will describe substantive differences between the 1999 ammonia AWQC 


and the 2013 update resulting from the incorporation of the latest scientific knowledge. 
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All acceptable acute and chronic values for freshwater aquatic animal species, including 


those from the 1999 AWQC document (re-normalized to pH 7 and 20°C in the case of 


invertebrates), are presented in Appendices A (acute) and B (chronic).  These tables include new 


acute and chronic ammonia toxicity data for freshwater mussels in the Family Unionidae and 


reflect the latest science informing the determinations regarding acceptable test conditions and 


associated data for glochidia and juvenile mussels.   


 


Freshwater Acute Toxicity Data 


Acute toxicity data for freshwater mussels and non-pulmonate (gill-bearing) snails 


Prior to publishing the 2009 draft ammonia AWQC, concerns had been raised about the 


appropriateness of using data obtained from tests conducted with the parasitic glochidia life-


stage of freshwater unionid mussels.  Glochidia of different species have different life history 


strategies for finding an appropriate fish host; glochidia may be free living in the water column 


(and potentially exposed to pollutants) for a duration ranging from seconds to days, depending 


on the particular species.  EPA concluded it was useful to consider potential adverse effects on 


glochidia, because effects of chemicals on this early life stage of mussels could potentially have 


broad impacts on mussel populations.  In order for the toxicity test results with glochidia to be 


ecologically relevant, the duration of the acute toxicity test must be comparable to the duration of 


the free-living stage of the glochidia prior to attaching to a host.  Supported by research 


conducted by Bringolf et al. (2013) demonstrating the appropriate duration of exposure for this 


life stage, acceptable acute toxicity data for glochidia with an exposure duration of 24 hours or 


less have been included in this 2013 AWQC Update, with the stipulation that control survival for 


the time period used is at least 90%. 


In addition to the four sensitive bivalve mollusk species in Table 7, there are three other 


unionid mussel species among the seven genera found to be most acutely sensitive to ammonia 


as well as two non-pulmonate snail species are ranked tenth and twelfth in sensitivity.  These 


GMAVs represent mollusk toxicity data that were not in the 1999 acute criteria dataset. 


New test data for the ellipse (Venustaconcha ellipsiformis), the most sensitive species 


tested, was not directly used in the acute criterion calculation because the methodology used 


calculated the acute value using the second through fifth most sensitive species to approximate 


effects for a 5
th


 percentile of species as noted in the effects assessment.  The GMAV for ellipse 
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(23.12 mg TAN/L at pH 7 and 20°C) is greater than the acute criterion of 17 mg TAN/L and thus 


provides additional evidence supporting the protectiveness of the calculated acute criterion 


(Table 3).  


Available data on non-pulmonate snails show that they are another taxon within the 


Phylum Mollusca sensitive to ammonia in freshwater ecosystems.  The calculated GMAV of 


62.15 mg TAN/L for Fluminicola sp. (pebblesnail) is the tenth most sensitive in the acute dataset 


(Table 3).  Another non-pulmonate snail species Pleurocera uncialis (pagoda hornsnail) was 


ranked 12
th


 in acute sensitivity.  The LC50 for P. uncialis (reported in Goudreau et al. 1993), 


normalized to pH 7 and 20°C, is 68.54 mg TAN/L (Appendix A).  To date, few studies have 


been attempted with this group of species; additional testing would improve understanding of 


their relative sensitivity to ammonia compared to other aquatic animals. 


The draft 2009 acute criterion magnitude recommended for waters with mussels present 


was slightly higher than the 2013 acute criteria (19 vs. 17 mg TAN/L at pH 7, T 20°C) due to a 


number of differences in the data used in the CMC derivations.  In response to comments 


received on the 2009 draft criteria, EPA removed the six invasive species from the acute dataset 


for ammonia; one of the invasive species removed from the dataset was Asiatic clam, which had 


been ranked as the fourth most sensitive GMAVs in the 2009 draft AWQC.  Because the acute 


dataset for ammonia is extensive and contains toxicity data for other bivalves that are native 


North American species, the Asiatic clam was not needed as a bivalve surrogate.  Also in the 


2013 CMC, the most sensitive GMAV used to derive the CMC is for Lasmigona subviridis 


(green floater mussel) (GMAV=23.41 mg TAN/L) which is lower than the lowest GMAV (32.73 


mg TAN/L) in the draft 2009 CMC used in the derivation of the CMC.  Based on new scientific 


information regarding determination of test acceptability, EPA included acceptable data for 


glochidia (mussel larvae) and Hyalella azteca, which added five GMAVs for derivation of the 


CMC.  Since the number of GMAVs is a factor in the equation used to derive the CMC, a change 


to the number of GMAVs results in a change in the resulting FAV and CMC. 
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Table 7.  Comparison of the Four Taxa Used to Calculate the FAV and CMC in the 1999, 2009 Draft and 2013 AWQC. 


1999 Update CMC Magnitude 2009 Draft Update CMC Magnitude 2013 Final CMC Magnitude 


Species 


pH 8.0, 


T=25°C 
(mg TAN/L) 


pH 7.0, 


T=20°C 
(mg TAN /L) Species 


pH 8.0, 


T=25°C 
(mg TAN/L) 


pH 7.0, 


T=20°C 
(mg TAN/L) Species 


pH 7.0, 


T=20°C 
(mg TAN/L) 


Oncorhynchus sp. 


(salmonids), includes:  


O. aquabonita, O. clarkii, 


O. gorbuscha, O. kisutch, 


O. mykiss, and  


O. tshawytscha 


21.95 99.15 
Oyster mussel, 


Epioblasma capsaeformis 
6.037 39.24 


Lampsilis sp. 


(Unionidae), includes: 


L. abrupta, L. cardium,  


L. fasciola, L. higginsii, L. 


rafinesqueana, and  


L. siliquoidea 


46.63 


Orangethroat darter,  


Etheostoma spectabile 
17.96 74.25 


Asiatic clam, 


Corbicula fluminea 
6.018 39.12 


Rainbow mussel, 


Villosa iris 
34.23 


Golden shiner,  


Notemigonus crysoleucas 


 


14.67 


 


63.02 


Lampsilis sp. 


(Unionidae), includes: 


L. abrupta, L. cardium,  


L. fasciola, L. higginsii,  


L. rafinesqueana, and  


L. siliquoidea 


 


5.919 


 


38.48 


Oyster mussel, 


Epioblasma capsaeformis 


 


31.14 


Mountain whitefish,  


Prosopium williamsoni 
12.11 51.93 


Rainbow mussel, 


Villosa iris 
5.036 32.73 


Green floater, 


Lasmigona subviridis 
23.41 


FAV
1
 11.23 48.21 FAV 5.734 37.27 FAV 33.52 


CMC 5.6 24 CMC 2.9 19 CMC 17 


                                                 


1
 The FAV in the 1999 AWQC document of 11.23 mg TAN/L at pH 8 was lowered to the geometric mean of these seven LC50 values at the time in order to 


protect large rainbow trout which were shown in Thurston and Russo (1983) to be measurably more sensitive than other life stages.  The FAV prior to adjusting 


it to protect the commercially and recreationally important adult rainbow trout was calculated to be 14.32 mg TAN/L (CMC = 7.2 mg TAN/L) at pH 8.  This 


FAV based on protection of adult rainbow trout at pH 7 is 48.21 mg TAN/L (see also Appendix A in this document). 
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Freshwater Chronic Toxicity Data 


Use of 28-day juvenile unionid mussel data 


EPA decided that growth data from 28-day tests with juvenile unionid mussels presented 


in the Wang et al. studies from 2007 and 2011 would not be used in calculating the 2013 chronic 


criterion.  The decision not to use the growth data was based on the uncertainty in the test 


methods for assessing the growth endpoint and the need, as stated by the authors, for additional 


research “to optimize feeding conditions, to conduct longer-term exposures (e.g., 90 d), and to 


compare growth effect to potential reproductive effect in partial life-cycle exposure” (Wang et al. 


2011).  The growth endpoint showed a high degree of variability, and the test methods for 


assessing growth, based on substrate or water-only exposures, are currently being evaluated.  For 


these reasons, the survival data for 28-day juvenile mussels were used in the calculation of the 


CCC and not the growth data. Appendix G provides the TRAP EC20s for survival for rainbow 


mussel and both Lampsilis species, and a comparison to the growth of fatmucket mussel from 


28-day tests reported by Wang et al. (2007a, 2011), which shows the additional uncertainty in the 


concentration-response relationship based on growth. 


 


28-day toxicity data for freshwater snails 


As noted in the 2009 draft ammonia criteria document, non-pulmonate snails have been 


demonstrated to be sensitive to ammonia in freshwater ecosystems, in addition to other taxa 


within the Phylum Mollusca.  Besser et al. (2010) data from a repeat test with pebblesnail 


(referred to in this document as Besser 2011) support the conclusion that non-pulmonate snails 


may be slightly less sensitive to ammonia than freshwater mussels.  Additional toxicity tests are 


recommended for non-pulmonate snails and other freshwater mollusks to further substantiate the 


findings from the 28-day tests summarized in Appendices H and I.  The calculated EC20 values 


using TRAP for P. idahoensis, F. aldrichi, and T. serptenticola, and the recommended 28-day 


ammonia survival effects concentration of <7.667 mg TAN/L for P. canaliculata, are considered 


representative of non-pulmonate snail sensitivity in general and are included in Appendix C for 


the purpose of comparison. 


Based on the 28-day toxicity test results for the gill-bearing, non-pulmonate snail species 


(Appendices B and C), EPA concludes that the overall sensitivity of this particular group of snail 


species (Sub-class Prosobranchia, Order Neotaenioglossa) appears high.  Furthermore, the 
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sensitivity of juvenile and adult mixed-age non-pulmonate snails to ammonia may be greater 


than that of their air-breathing, pulmonate counterparts such as L. stagnalis. 


Although the GMCV for Fluminicola species is not ranked as one of the four most 


sensitive used to calculate the FCV, the value is ranked the 5
th


 most sensitive in the chronic 


criterion dataset.  The 28-day growth EC20 for this freshwater non-pulmonate snail species, 


calculated using EPA’s TRAP, is 2.281 mg TAN/L at test pH (8.22) and temperature (20.1°C), 


or 7.828 mg TAN/L after adjustment to pH 7 and 20°C (see Appendix B).  Appendix H includes 


a summary of the 28-day toxicity test results for Fluminicola species which are acceptable for 


use quantitatively in the chronic dataset.  The TRAP output for this test is provided in Appendix 


H. 


 


28-day toxicity data for Hyalella azteca: Minimum Data Requirement Number 5 


Literature data indicate that the response of Hyalella azteca is influenced not only by pH, 


but also by sodium concentration in the dilution water.  Borgmann and Borgmann (1997) 


demonstrated that increasing sodium decreased the toxicity of ammonia to Hyalella, and applied 


these findings to explain differences in toxicity observed by Ankley et al. (1995), which were 


originally attributed to water hardness.  Further unpublished experiments by EPA’s Office of 


Research and Development confirm Borgmann’s assertion that sodium concentration plays a key 


role in determining the acute response of Hyalella to ammonia (personal communication, D.R. 


Mount, EPA, ORD).  Because sodium is not known to affect ammonia toxicity to other species, 


this criterion does not consider sodium concentration, and this variation is not explicitly 


addressed.  For purposes of deriving a GMAV for Hyalella, tests were selected that had a 


moderate sodium concentration (e.g., “moderately hard” water tests from Ankley et al. 1995, see 


Appendix A), and tests with extremely low sodium concentrations were excluded (e.g., “soft” 


water tests from Ankley et al. 1995; data from Whiteman et al. 1996, see Appendix J).  The 


available acute data for ammonia did not include tests conducted in natural waters with a sodium 


concentration below about 3 mg/L; at that sodium concentration, the acute values for Hyalella 


were near the FAV reported in this document.  Whether acute toxicity of ammonia to Hyalella 


would occur below the FAV in waters with less than 3 mg/L sodium is unknown (Appendix H).   


For the 2013 chronic criterion, EPA re-evaluated the available data for Hyalella azteca 


based on recent research regarding the appropriate test conditions, including water chemistry 







 


58 


 


(e.g., appropriate concentrations for specific ions such as chloride) and feeding regimes.  The 


concentrations of sodium are important to H. azteca health as discussed previously and the 


sodium concentrations in the chronic test used in the CCC represent approximately the mid-


range of U.S. waters.  Based on this re-evaluation, EPA determined that certain tests met the new 


recommended conditions that would support healthy test organisms, and accepted those data for 


use in the calculation of the CCC.  The specific tests used were from Borgmann (1994); details 


on these tests are included in Appendix H under Chronic Toxicity Tests with Juvenile Hyalella 


azteca.  As a result of inclusion of acceptable H. azteca data, the minimum data requirement 


(MDR) for a benthic crustacean is fulfilled for the chronic criterion provided in this document.  


The GMCV of 29.17 mg TAN/L ranks Hyalella azteca as the thirteenth (of 16) most sensitive 


GMCV. 
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Reconsideration of the chronic toxicity data available for aquatic insects: Minimum Data 


Requirement Number 6 


EPA chose not to include a chronic value for the stonefly, Pteronarcella badia, from 


Thurston et al. (1984a) in the 1999 AWQC update document because this aquatic insect species 


is relatively insensitive.  Upon further consideration, EC20s for 30-day nymph mortality were 


calculated for field collected Pteronarcella badia for two separate partial life cycle tests in 


consecutive years, in order to develop a GMCV for insects to fulfill the sixth minimum data 


requirement (MDR), and to clearly specify the expected lack of sensitivity of insects to ammonia 


based on available data.  EC20s were calculated for each test, and, as the authors themselves 


noted, the results were variable between the two tests.  The normalized EC20 for the test 


conducted with P. badia collected from the Gallatin R. was 207.0 mg TAN/L, and was 26.27 mg 


TAN/L for the test conducted with P. badia collected from the Rocky River (Appendix B).  The 


geometric mean for these two tests is 73.74 mg TAN/L.  It is not known if these tests were 


conducted using the most sensitive life stage; however, the authors did note that the length of 


individuals used in both tests was similar.  EPA used the two EC20s based on 30-day nymph 


mortality to calculate a GMCV of 73.74 mg TAN/L for this species.  The stonefly is listed as 


sixteenth GMCV in chronic sensitivity, fulfilling the sixth MDR.  Additional data on insect 


sensitivity to ammonia would be useful in confirming the conclusion that insects are relatively 


insensitive to ammonia in freshwater environments, given the limited data available.   


 


New chronic toxicity data for salmonid species and derivation of a GMCV for 


Oncorhynchus: Minimum Data Requirement Number 1 


Chronic values from two additional studies with Oncorhynchus species (salmonids) are 


included in this AWQC document that were not included in the 1999 document (see Appendix H 


for more detailed descriptions of the results from these studies).  Koch et al. (1980) exposed 


Lahontan cutthroat trout (Oncorhynchus clarkii henshawi), an endangered species, for 103 days 


in an ELS test.  There were no successful hatches at exposure levels of 148 mg TAN/L or higher 


and no significant mortality at exposure levels below 32.9 mg TAN/L.  Regression analysis of 


the survival data resulted in a calculated EC20 value of 17.89 mg TAN/L at 13.7°C and pH 7.57. 


The EC20 value is 25.83 mg TAN/L when adjusted to pH 7 (Appendix B). 
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The results of a more recent 90-day ELS test using a wild strain of rainbow trout exposed 


to ammonia were reported by Brinkman et al. (2009), and are included in this criteria document.  


The test was initiated with newly fertilized embryos exposed under flow-through conditions 


through hatch, swim-up, and early fry development.  Survival, growth and biomass of swim-up 


fry were significantly reduced at 16.8 mg TAN/L compared to controls, but unaffected at 7.44 


mg TAN/L.  The EC20 calculated for biomass using TRAP and normalized to pH 7 is 15.60 mg 


TAN/L (Appendix B). 


In the 1999 AWQC document, the results of six chronic tests conducted with ammonia 


for Oncorhynchus mykiss and Oncorhynchus nerka were included in Table 5 of that document as 


“acceptable” chronic tests for criteria development.  A GMCV was not derived for 


Oncorhynchus at that time, however, because of the degree of variability among test results, as 


well as a preponderance of “greater than” or “less than” values, preventing the calculation of 


definitive SMCVs within the genus.  The results of these chronic tests were only used at that 


time to assess the appropriateness of the CCC.   


For this 2013 document, these six studies and the data from the two additional studies 


summarized above, have been re-evaluated and re-considered for inclusion in deriving a new 


chronic criterion for ammonia in order to consider and include all available, reliable toxicity test 


information for this recreationally, commercially and ecologically important taxon.  The data 


were re-examined with specific consideration of whether unbounded (greater or less than) values 


add relevant information to determination of final SMCVs for Oncorhynchus clarkii, O. mykiss, 


and O. nerka.  A decision rule was developed for evaluating chronic values (EC20s) for potential 


use in deriving an SMCV for a salmon species.  In developing the decision rule, it was noted that 


“greater than” values for concentrations of low magnitude, and “less than” values for 


concentrations of high magnitude do not add significant information to the analysis.  That is, if a 


researcher only tested very low concentrations and found no chronic effects or very high 


concentrations and found 100% response for a chronic endpoint, those data do not significantly 


enhance understanding of the toxicity of ammonia. Conversely, if a researcher only tested very 


low concentrations and found significant chronic effects, indicating the test material was highly 


toxic, or relatively high concentrations and found incomplete response for a chronic endpoint, 


indicating low toxicity of the materials, those data do significantly enhance understanding of the 


toxicity of ammonia.  Thus, the decision rule was applied as follows: “greater than” (>) low CVs 
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and “less than” (<) high CVs were not used in the calculation of the SMCV; but “less than” (<) 


low CVs and a “greater than” (>) high CVs were included in the SMCV. 


Following this decision rule, the SMCV for O. clarkii is the normalized EC20 of 25.83 mg 


TAN/L from Koch et al. (1980).  The SMCV for O. mykiss is 6.663 mg TAN/L at pH 7, which is 


the geometric mean of the <3.246 mg TAN/L value from Calamari et al. (1977, 1981), the 


<3.515 mg TAN/L value from Solbe and Shurben (1989), the >11.08 mg TAN/L value from 


Thurston et al. (1984b), and the 15.60 mg TAN/L value from Brinkman et al. (2009).  With 


respect to the SMCV for O. mykiss, both the Calamari et al. (1977, 1981) and the Solbe and 


Shurben (1989) values are low “less than” values, indicating demonstrated toxicity at low 


concentrations of ammonia, while the Thurston et al. (1984b) value is a relatively high “greater 


than” value, indicating lower toxicity to O. mykiss in this test, compared to the Calamari (1977, 


1981) and Solbe and Shurben (1989) values with respect to the SMCV for O. mykiss.  Finally, 


the SMCV for O. nerka is <10.09 mg TAN/L (Rankin 1979), and has been included as a 


relatively low “less than” value, indicating relative sensitivity to the effects of ammonia in this 


test.  The <48 mg TAN/L value (at pH 7) from Thurston et al. (1978) re-calculated for O. clarkii 


(see Appendix C; value represents the geometric mean of four values) and the <45.50 mg TAN/L 


value from Burkhalter and Kaya (1977) for O. mykiss (retained in Appendix B) are not included 


in the SMCV calculations because they are high “less than” values, and do not add important 


information to the analyses.  The new GMCV for Oncorhynchus in this 2013 Update document 


is 12.02 mg TAN/L, which is the geometric mean of the three SMCVs for Oncorhynchus clarkii 


(25.83 mg TAN/L), O. mykiss (6.663 mg TAN/L), and O. nerka (<10.09 mg TAN/L) (Appendix 


B), resulting in Oncorhynchus as being seventh most sensitive GMCV (Table 4). 


 


Another order of insect or a phylum not already represented: Minimum Data Requirement 


Number 8 


For the MDR identified earlier as “#8,” “another order of insect or a phylum not already 


represented,” there are no additional chronic toxicity data for any freshwater animal that would 


fulfill this MDR in the chronic dataset (the acute dataset fulfills all eight MDRs).  Therefore, 


EPA developed a surrogate ammonia CV for the Phylum Annelida by using the geometric mean 


acute value from the four available genera (Dendrocoelus, Limnodrilus, Lumbriculus, and 


Tubifex) and applying an ACR from other invertebrate groups.  There is less than a factor of two 
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difference between the GMAVs for the most (Dendrocoelus, 119.5 mg TAN/L) and least 


(Lumbriculus, 218.7 mg TAN/L) sensitive genus (see Table 3).  A surrogate chronic value was 


derived by dividing the GMAV for all four annelids (176.2 mg TAN/L) by a geometric mean 


species level invertebrate acute to chronic ratio (6.320), represented by pelagic crustaceans 


(cladocerans), a benthic crustacean (amphipod) and prosobranch snail (see Appendix F Acute-


Chronic Ratios).  The resulting surrogate CV for Phylum Annelida is 27.88 mg TAN/L (at pH 7 


and 20°C). 


 


Protection of Endangered Species 


The dataset for ammonia is particularly extensive and includes data representing species 


that are Federally-listed as threatened or endangered by the U.S. Fish and Wildlife Service and/or 


NOAA National Marine Fisheries Service.  Summaries are provided here describing the data for 


the listed species and demonstrating that the 2013 ammonia criteria update is protective of these 


species, based on best available scientific data. 


 


Key acute toxicity data for listed species 


The acute criterion dataset for ammonia now includes 12 aquatic species that are 


Federally-listed as threatened, endangered or of concern.   


For unionid mussels, the 2013 criterion acute dataset includes acceptable data for 16 


freshwater species across 11 genera.  Of these, five of the mussel species are Federally-listed as 


threatened or endangered (as identified in Table 3).  The oyster mussel (Epioblasma 


capsaeformis) is a Federally-listed species and is the third most sensitive in the acute dataset 


with a GMAV, based on a single SMAV, of 31.14 mg TAN/L.  The SMAV/2 for the oyster 


mussel is approximately 16 mg TAN/L, similar to the 2013 acute criterion value of 17 mg 


TAN/L.  The SMAV/2 is a value considered statistically indistinguishable from control mortality 


or effect based on analysis of 219 acute toxicity tests on a range of chemicals, as described in the 


Federal Register on May 18, 1978 (43 FR 21506-18).  Thus, the magnitude of acute effects to 


this species at the SMAV/2 are not expected to significantly impact the species, because it is 


expected to be statistically indistinguishable from effects to control (unexposed) organisms.  


Furthermore, the acute criterion specifies that this concentration should not be exceeded for more 


than one hour once every three years on average, providing further protection through the 
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limitation of any excursions above the criterion.  Thus, the 2013 recommended CMC for 


ammonia of 17 mg TAN/L should be protective of oyster mussels.  In waters where this listed 


species is present, a site-specific criterion could be considered using the SMAV for that species 


as the FAV from which to derive the CMC. 


The Lampsilis GMAV of 46.63 mg TAN/L reflects the geometric mean of SMAVs for 


six mussel species, two (L. abrupta and L. higginsii) of which are endangered and a third (L. 


rafinesqueana) that is a Federal species of concern (Table 3).  The SMAVs for this genus range 


from 26.03 mg TAN/L (L. abrupta) to 69.97 mg TAN/L (L. rafinesqueana) (Appendix A).  


Given the range of sensitivity within this genus with listed species at both the most and least 


sensitive ends of the range, the CMC of 17 mg TAN/L should be protective of the genus as a 


whole, with SMCVs/2 ranging from 13 to 34 mg TAN/L.  Again, the acute criterion specifies 


that a concentration of 17 mg TAN/L should not be exceeded for more than one hour once every 


three years on average, providing further protection of species, through the limitation of any 


excursions above the criterion.  In waters where the listed species are present, a site-specific 


criterion could be considered using the SMAV for that species as the FAV from which to derive 


the CMC. 


Also among the ten most sensitive GMAVs in the acute dataset is the GMAV for the 


endangered Lost River sucker (Deltistes luxatis) endemic to the Klamath Basin of northern 


California and southern Oregon (Appendix A).  The reported LC50s at test temperature 20°C and 


pH 8.0 were 10.35 and 16.81 mg TAN/L for larval and juvenile fish, expressed as total ammonia 


(Appendix A).  The LC50s normalized to pH 7 and 20°C are 44.42 and 72.18 mg TAN/L, 


respectively (Appendix A).  The GMAV for Lost River sucker is calculated as the geometric 


mean of the two normalized LC50s, or 56.62 mg TAN/L (Table 3), with an SMAV/2, or expected 


low mortality level, of approximately 28 mg TAN/L, significantly above the CMC.  Lost River 


sucker represents the ninth most sensitive genus in the acute dataset, and second most sensitive 


fish species (following mountain whitefish which is the most sensitive fish GMAV), and thus is 


expected to be protected by the CMC of 17 mg TAN/L. 


The second most acutely sensitive salmonid genus (after Prosopium, represented by the 


mountain whitefish, Prosopium williamsoni, acute sensitivity rank 8) is Oncorhynchus, 


represented by data for six different species, three of which are threatened or endangered, with 


SMAVs ranging from 78.92 mg TAN/L for Cutthroat trout, O. clarkii, to 180.7 mg TAN/L for 
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pink salmon, O. gorbuscha.  The GMAV for Oncorhynchus (99.15 mg TAN/L) is ranked #25 in 


acute sensitivity (Table 3).  All SMAV/2 values for the threatened or endangered species tested 


in this genus are significantly above the acute criterion magnitude.  Thus, the acute criterion is 


expected to be protective of threatened and endangered salmonid species. 


 


Key chronic toxicity data for listed species 


In the chronic dataset for ammonia, the Federally-listed species are represented by three 


salmonid species in the genus Oncorhynchus, including sockeye salmon, rainbow trout, and the 


subspecies Lahontan cutthroat trout.  The GMCV for Oncorhynchus of 12.02 mg TAN/L 


includes the three SMCVs ranging from 6.663 (rainbow trout) to 25.83 mg TAN/L (Lahontan 


cutthroat trout) (Table 4).  The CCC for ammonia of 1.9 mg TAN/L is expected to be protective 


of this genus as a whole.  At pH 7, the CCC is 3.5 times lower than the chronic value for the 


most sensitive tested listed salmonid species, O. mykiss, which includes populations of rainbow 


trout and steelhead trout.  


In addition, three other studies provide useful information with which to assess the 


protectiveness of the CCC for threatened and endangered fish species (data included in Appendix 


C).  All three studies indicate that the chronic criterion is expected to be protective of the 


endangered or listed species tested by the researchers, as described below. 


Meyer and Hansen (2002) conducted a 30-day toxicity test with late-stage larvae (0.059 


g) of Lost River suckers (Deltistes luxatus) at pH 9.5.  The exposure duration and pH were 


chosen to represent the period of combined elevated unionized ammonia concentrations and 


elevated pH that occur during cyanobacterial blooms in surface waters of Upper Klamath Lake, 


which have been shown to last for several weeks to a month.  Survival decreased significantly at 


1.23 and 2.27 mg TAN/L, whereas the highest NOEC for all endpoints (survival, growth, body 


ions, and swimming performance) was 0.64 mg TAN/L.  Control survival was > 90 percent.  The 


calculated LOEC of 1.23 mg TAN/L at test pH and temperature when normalized to pH 7 


corresponds to a value of 25.31 mg TAN/L, again, substantially higher than the 2013 chronic 


criterion value (Appendix C). 


In order to determine if whole effluent toxicity testing is protective of threatened and 


endangered fish species, Dwyer et al. (2005) conducted 7-day chronic toxicity tests with 


Ceriodaphnia dubia (neonates, <24 h old) and fathead minnow larvae (Pimephales promelas, 
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<24 h) in addition to the following six threatened and endangered fish species: bonytail chub 


(Gila elegans), spotfin chub (Erimonax, formerly Cyprinella, monachus), Cape Fear shiner 


(Notropis mekistocholas), gila topminnow (Poeciliopsis occidentalis), Colorado pikeminnow 


(Ptychocheilus lucius), and razorback sucker (Xyrauchen texanus).  The age of the six threatened 


and endangered fish species used during the 7-day ammonia exposures ranged from <1 to 7 days.  


The combined effect on test species survival and growth were determined as EC25 values.  The 


six endangered species, presented in the same order as they are listed above, have reported EC25 


values of: 11.0, 15.8, 8.80, 24.1, 8.90 and 13.4 mg TAN/L; or 23.24, 33.37, 18.59, 50.91, 18.80 


and 28.30 mg TAN/L when adjusted to a pH of 7.0 (Appendix C).  These values are all 


substantially higher than the 2013 chronic criterion concentration value of 1.9 mg TAN/L.  


Based on the results, the two species typically used for whole effluent toxicity testing (C. dubia 


and P. promelas) were more sensitive to ammonia and are protective of the six listed fish species 


when used as surrogate test species.  


Fairchild et al. (2005) conducted 28-day toxicity tests with early life stages of Colorado 


pikeminnow (Ptychocheilus lucius) and razorback sucker (Xyrauchen texanus), and compared 


the results of those tests with a test using a surrogate fish species, the fathead minnow 


(Pimephales promelas).  Effect concentrations based on the survival and growth endpoints of the 


fathead minnow and razorback sucker tests were not different; however, growth was the more 


sensitive endpoint for the Colorado pikeminnow test.  The 28-day growth LOEC for the 


Colorado pikeminnow was 8.60 mg TAN/L, or 29.75 mg TAN/L at pH 7, substantially greater 


than the 2013 chronic criterion.  The 28-day survival LOEC for the razorback sucker was 13.25 


mg TAN/L, or 46.58 mg TAN/L at pH 7.  Both endangered fish species exhibited similar 


sensitivity to ammonia as the fathead minnow (LOEC of 32.71 mg TAN/L at pH 7; see 


Appendix C).  The same can be said for the Lost River sucker, which indicates that these 


particular endangered fish species are expected to be protected by the CCC value calculated in 


this 2013 AWQC Update. 


 


Comparison of 1999, 2009, and 2013 Criteria Values 


Table 8 provides a comparison of the four most sensitive taxa used to calculate the CCC 


in this 2013 AWQC Update document compared to the four most sensitive taxa used to calculate 


the CCC in the 1999 AWQC document. 
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The 2013 CCC is about twice the magnitude of the draft 2009 CCC recommended for 


waters with mussels present (1.9 vs. 0.91 mg TAN/L, respectively, at pH 7, T=20°C) as a result 


of differences in the data used in the CCC derivations.  Based on a new study by Wang et al. 


(2011) described in the Effects Analysis section under Summaries of Studies Used in Chronic 


Criterion Determination, pg. 34, above, the lowest GMCV for the mussel genus Lampsilis 


increased from 1.154 mg TAN/L in the 2009 draft AWQC to 2.216 mg TAN/L in the 2013 


AWQC.  As a result, compared to the four lowest GMCVs in the 2009 draft CCC, the four 


lowest GMCVs in the 2013 CCC have a smaller range of variation in values (2.216 to 7.547 mg 


TAN/L) which decreases the uncertainty of the 5
th


 percentile GMCV estimation.  Also in the 


2009 draft CCC, there were only 13 GMCVs in the dataset used to derive the CCC while in the 


2013 CCC, there are 16 GMCVs used to derive the CCC, because of the addition of the GMCVs 


for Hyalella azteca, the insect Pteronarcella badia, and salmonids (Oncorhynchus spp.).  The 


new GMCVs affect the chronic species sensitivity distribution.  The cumulative probability (P) 


decreases as a function of the increased number of GMCVs and results in an increase in the 


FCV. 
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Table 8.  Comparison of the Four Taxa Used to Calculate the FCV and CCC in the 1999 Update, 2009 Draft and the 2013 


AWQC. 


1999 Update CCC Magnitude 2009 Draft Update CCC Magnitude 2013 Final CCC Magnitude 


Species 


pH 8.0, 


T=25°C 


(mg 


TAN/L) 


pH 7.0, 


T=20°C 


(mg 


TAN/L) Species 


pH 8.0, 


T=25°C 


(mg 


TAN/L) 


pH 7.0, 


T=20°C 


(mg 


TAN/L) Species 


pH 7.0, 


T=20°C 


(mg 


TAN/L) 


Fathead minnow, 


Pimephales promelas 
3.09 7.503 


Long fingernailclam, 


Musculium transversum 
<2.260 7.552 


Long fingernailclam, 


Musculium transversum 
7.547 


Lepomis sp. 


(Centrarchidae), includes: 


Bluegill sunfish,  


L. macrochirus, and 


Green sunfish,  


L. cyanellus 


2.85 6.92 


Lepomis sp. 


(Centrarchidae), includes: 


Bluegill sunfish,  


L. macrochirus, and 


Green sunfish,  


L. cyanellus  


2.852 6.924 


Lepomis sp. 


(Centrarchidae), includes: 


Bluegill sunfish,  


L. macrochirus, and 


Green sunfish,  


L. cyanellus 


6.92 


Long fingernailclam, 


Musculium transversum 
<2.26 7.547 


Rainbow mussel, 


Villosa iris 
<0.9805 3.286 


Rainbow mussel, 


Villosa iris 
3.501 


Amphipod,  


Hyalella azteca 
<1.45 4.865 


Lampsilis sp. 


(Unionidae), includes: 


Wavy-rayed lamp mussel, 


L. fasciola and 


Fatmucket, L. siliquoidea 


<0.3443 1.154 


Lampsilis sp. 


(Unionidae), includes: 


Wavy-rayed lamp mussel, 


L. fasciola and 


Fatmucket, L. siliquoidea  


2.216 


CCC 1.2 4.5 CCC 0.26 0.91 CCC 1.9 
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Comparison of statistical approaches to develop the chronic criterion: EC20 vs. MATC 


In this 2013 ammonia criteria update, the CCC is based on a 20 percent reduction in 


survival, growth, or reproduction, which is a risk management decision made by EPA in 1999 


and also retained for this document.  When an EC20 was not provided in a study, the EPA’s 


TRAP program was used to estimate the EC20 as the basis for the GMCV and included the 


resultant CCC derivation of 1.9 mg TAN/L.  An alternative chronic measure of effect that is 


commonly used is the MATC, which is the geometric mean of the NOEC and LOEC.  In the case 


of the current ammonia dataset, using MATCs to derive the chronic criteria would result in an 


FCV of 1.972 and CCC of 2.0 mg TAN/L.  This comparison demonstrates that, for the current 


ammonia chronic dataset, the use of TRAP to estimate EC20 values does not result in a 


significant difference from the MATC, another statistical approach frequently used to develop 


chronic effects assessments and criteria. 


The concentrations of TAN affecting freshwater animals in this 2013 AWQC update are 


normalized to pH 7.0 for all aquatic organisms and 20°C for invertebrates.  In contrast, the 


concentrations of TAN affecting freshwater animals in the 1999 AWQC were normalized to pH 


8.0 for all organisms and temperature 25°C for invertebrates.  The current pH (7) and 


temperature (20°C) used are considered to more closely reflect ambient pH and temperatures 


found generally in surface waters in the U.S.  The acute and chronic criterion values can be 


adjusted to reflect local pH and temperature using the values in Tables 5a, 5b, and 6 derived 


from the equations presented in The National Criteria for Ammonia in Fresh Water section 


(pages 40-49).   


 


UNUSED DATA 


For this 2013 criteria update document, EPA considered and evaluated all available data 


that could possibly be used to derive the new acute and chronic criteria for ammonia in fresh 


water.  A substantial amount of those data were associated with studies that did not meet the 


basic QA/QC requirements described in the 1985 Guidelines (see Stephan et al. 1985).  In such 


cases, EPA further scrutinized those studies where either: (1) the study included tests with a 


species associated with one of the four most sensitive GMAVs or GMCVs used to derive the 


2013 criterion; or (2) the study provided results of tests where the normalized acute or chronic 
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value for the test was within a factor of approximately two of the fourth ranked most sensitive 


GMAV or GMCV, and thus might be considered potentially influential to the acute or chronic 


criterion.  For each study that was potentially influential, but did not meet the additional data 


quality requirements for its use in deriving criteria for ammonia, the study and its results were 


included in Appendix J (acute studies) and K (chronic studies), and a rationale is provided for its 


exclusion.  A list of all other studies considered but removed from consideration for use in 


deriving the criteria is provided in Appendix L with a code (and in some cases comments) 


indicating the reason(s) for exclusion. 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals. 


 


Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Insect (8th-10th instar), 


Erythromma najas 


Ammonium 


chloride 
4 d R,U 7.5 25 589 1618     Beketov 2002 


Insect (8th-10th instar), 


Erythromma najas 


Ammonium 


chloride 
4 d R,U 8.7 25 168 4163     Beketov 2002 


Insect (8th-10th instar), 


Erythromma najas 


Ammonium 


chloride 
4 d R,U 9.1 25 49.2 2361 2515 2515 Beketov 2002 


                      


Caddisfly, 


Philarctus quaeris 


Ammonium 


chloride 
4 d F,M 7.8 21.9 296.5 1032     Arthur et al. 1987 


Caddisfly, 


Philarctus quaeris 


Ammonium 


chloride 
4 d F,M 7.8 13.3 561.7 958.4 994.5 994.5 


West 1985; Arthur et al. 


1987 


                      


Beetle, 


Stenelmis sexlineata 


Ammonium 


chloride 
4 d F,M 8.7 25 29.7 735.9 735.9 735.9 Hazel et al. 1979 


                      


Crayfish, 


Orconectes immunis 


Ammonium 


chloride 
4 d F,M 7.9 17.1 488.1 1367     Arthur et al. 1987 


Crayfish (adult), 


Orconectes immunis 


Ammonium 


chloride 
4 d F,M 8.2 4.6 999.4 1757 1550   


West 1985; Arthur et al. 


1987 


                      


Crayfish (2.78 cm), 


Orconectes nais 


Ammonium 


chloride 
4 d F,M 8.3 26.5 23.15 303.8 303.8 686.2 Evans 1979 


                      


Midge (10 d old, 2-3 instar), 


Chironomus riparius 


Ammonium 


chloride 
4 d R,M 7.7 21.7 357.7 1029 1029   Monda et al. 1995  


                      


Midge, 


Chironomus tentans 


Ammonium 


chloride 
4 d S,M 6.69 23 430 443.0     Besser et al. 1998 


Midge, 


Chironomus tentans 


Ammonium 


chloride 
4 d S,M 7.56 23 564 1439     Besser et al. 1998 


Midge (2nd instar), 


Chironomus tentans 


Ammonium 


chloride 
4 d F,M 6.5 25 371 415.1     


Schubauer-Berigan et al. 


1995 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Midge (2nd instar), 


Chironomus tentans 


Ammonium 


chloride 
4 d F,M 8.1 25 78.1 614.0     


Schubauer-Berigan et al. 


1995 


Midge (2nd instar), 


Chironomus tentans 


Ammonium 


chloride 
4 d F,M 6.5 25 368 411.7     


Schubauer-Berigan et al. 


1995 


Midge (2nd instar), 


Chironomus tentans 


Ammonium 


chloride 
4 d F,M 8.1 25 50.5 397.0 451.8 681.8 


Schubauer-Berigan et al. 


1995 


 


Mayfly (middle to late instar), 


Drunella grandis 


Ammonium 


chloride 
4 d F,M 7.84 12.8 259.1 455.5     Thurston et al. 1984b 


Mayfly (middle to late instar), 


Drunella grandis 


Ammonium 


chloride 
4 d F,M 7.84 13.2 195.6 355.6     Thurston et al. 1984b 


Mayfly (middle to late instar), 


Drunella grandis 


Ammonium 


chloride 
4 d F,M 7.85 12 319 534.5 442.4 442.4 Thurston et al. 1984b 


                      


Aquatic sowbug, 


Caecidotea racovitzai 


(previously Asellus racovitzai) 


Ammonium 


chloride 
4 d F,M 7.8 22 148.8 522.3     Arthur et al. 1987 


Aquatic sowbug (adult), 


Caecidotea racovitzai 


Ammonium 


chloride 
4 d F,M 8 4 357.8 407.7     


West 1985; Arthur et al. 


1987 


Aquatic sowbug, 


Caecidotea racovitzai 


Ammonium 


chloride 
 4 d F,M 7.81 11.9 176 272.2 387.0 387.0 Thurston et al. 1983 


                      


Isopod (adult), 


Asellus aquaticus 


Ammonium 


chloride 
4 d F,M 7.05 12 2.60 575.2     Dehedin et al. 2012 


Isopod (adult), 


Asellus aquaticus 


Ammonium 


chloride 
4 d F,M 7.05 12 1.25 276.6     Dehedin et al. 2012 


Isopod (adult), 


Asellus aquaticus 


Ammonium 


chloride 
4 d F,M 7.05 12 1.70 376.1     Dehedin et al. 2012 


Isopod (adult), 


Asellus aquaticus 


Ammonium 


chloride 
4 d F,M 7.05 18 2.61 603.8     Dehedin et al. 2012 


Isopod (adult), 


Asellus aquaticus 


Ammonium 


chloride 
4 d F,M 7.05 18 1.40 323.9     Dehedin et al. 2012 


Isopod (adult), 


Asellus aquaticus 


Ammonium 


chloride 
4 d F,M 7.05 18 1.95 451.1     Dehedin et al. 2012 


Isopod (adult), 


Asellus aquaticus 


Ammonium 


chloride 
4 d F,M 7.05 24 1.00 246.6     Dehedin et al. 2012 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Isopod (adult), 


Asellus aquaticus 


Ammonium 


chloride 
4 d F,M 7.05 24 1.00 246.6     Dehedin et al. 2012 


Isopod (adult), 


Asellus aquaticus 


Ammonium 


chloride 
4 d F,M 7.05 24 2.00 493.1 378.2 378.2 Dehedin et al. 2012 


                      


Threespine stickleback 


(juvenile-adult, 32-60 mm), 


Gasterosteus aculeatus 


Ammonium 


chloride 
4 d S,M 7.1 23.3 198.1 216.5     Hazel et al. 1971 


Threespine stickleback 


(juvenile-adult, 32-60 mm), 


Gasterosteus aculeatus 


Ammonium 


chloride 
4 d S,M 7.15 15 577 667.4     Hazel et al. 1971 


Threespine stickleback 


(juvenile-adult, 32-60 mm), 


Gasterosteus aculeatus 


Ammonium 


chloride 
4 d S,M 7.25 23.3 203.8 264.0     Hazel et al. 1971 


Threespine stickleback 


(juvenile-adult, 32-60 mm), 


Gasterosteus aculeatus 


Ammonium 


chloride 
4 d S,M 7.5 15 143.9 261.1     Hazel et al. 1971 


Threespine stickleback 


(juvenile-adult, 32-60 mm), 


Gasterosteus aculeatus 


Ammonium 


chloride 
4 d S,M 7.5 23.3 78.7 142.8     Hazel et al. 1971 


Threespine stickleback 


(juvenile-adult, 32-60 mm), 


Gasterosteus aculeatus 


Ammonium 


chloride 
4 d S,M 7.5 23.3 115.4 209.5     Hazel et al. 1971 


Threespine stickleback 


(juvenile-adult, 32-60 mm), 


Gasterosteus aculeatus 


Ammonium 


chloride 
4 d S,M 7.5 15 259 470.0 281.5 281.5 Hazel et al. 1971 


                      


Mayfly, 


Callibaetis skokianus 


Ammonium 


chloride 
4 d F,M 7.7 10.8 263.5 307.2     Arthur et al. 1987 


Mayfly, 


Callibaetis skokianus 


Ammonium 


chloride 
4 d F,M 7.9 13.3 211.7 432.7 364.6   


West 1985; Arthur et al. 


1987 


                      


Mayfly (middle to late instar), 


Callibaetis sp. 


Ammonium 


chloride 
4 d F,M 7.81 11.9 107.8 166.7 166.7 246.5 Thurston et al. 1984b 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Dragonfly (<233 d old), 


Pachydiplax longipennis 


Ammonium 


chloride 
4 d F,M 8 12 76.92 170.1     Diamond et al. 1993 


Dragonfly (<140 d old), 


Pachydiplax longipennis 


Ammonium 


chloride 
4 d F,M 8 20 74.37 319.2 233.0 233.0 Diamond et al. 1993 


                      


Mottled sculpin (1.8 g, 5.4 cm), 


Cottus bairdii 


Ammonium 


chloride 
4 d F,M 8.02 12.4 49.83 222.2 222.2 222.2 Thurston and Russo 1981 


                      


Western mosquitofish, 


Gambusia affinis 
-  4 d S,U 7.75 19 129.6 352.9     Wallen et al. 1957 


Western mosquitofish, 


Gambusia affinis 
 - 4 d S,U 8.2 19.5 34.54 217.7     Wallen et al. 1957 


Western mosquitofish, 


Gambusia affinis 
 - 4 d S,U 8.5 23 14.64 165.0     Wallen et al. 1957 


Western mosquitofish, 


Gambusia affinis 
 - 4 d S,U 8 24 42.53 182.6 219.3 219.3 Wallen et al. 1957 


                      


Oligochaete worm, 


Lumbriculus variegatus 


Ammonium 


chloride 
4 d S,M 7.56 23 286 729.5     Besser et al. 1998 


Oligochaete worm, 


Lumbriculus variegatus 


Ammonium 


chloride 
4 d S,M 6.69 23 302 311.1     Besser et al. 1998 


Oligochaete worm (10-25 mm), 


Lumbriculus variegatus 


Ammonium 


chloride 
4 d R,M 8.2 15 13.66 56.88     Hickey and Vickers 1994 


Oligochaete worm (adult), 


Lumbriculus variegatus 
 - 4 d F,M 6.5 25 100 111.9     


Schubauer-Berigan et al. 


1995 


Oligochaete worm (adult), 


Lumbriculus variegatus 
 - 4 d F,M 6.5 25 200 223.8     


Schubauer-Berigan et al. 


1995 


Oligochaete worm (adult), 


Lumbriculus variegatus 
 - 4 d F,M 8.1 25 34 267.3     


Schubauer-Berigan et al. 


1995 


Oligochaete worm (adult), 


Lumbriculus variegatus 
 - 4 d F,M 8.1 25 43.5 342.0 218.7 218.7 


Schubauer-Berigan et al. 


1995 


                      


Tubificid worm, 


Tubifex tubifex 


Ammonium 


chloride 
4 d S,U 8.2 12 66.67 216.5 216.5 216.5 Stammer 1953 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Marsh ramshorn snail, 


Planorbella trivolvis  


(previously Helisoma trivolvis) 


Ammonium 


chloride 
4 d F,M 7.9 22 47.73 200.7     Arthur et al. 1987 


Marsh ramshorn snail, 


Planorbella  trivolvis 


Ammonium 


chloride 
4 d F,M 8.2 12.9 63.73 223.0 211.6 211.6 Arthur et al. 1987 


                      


Scud (7-14 d old), 


Hyalella azteca 


Ammonium 


chloride 
4 d R,M 8.3 25 39.8 461.2     Ankley et al. 1995 


Scud (7-14 d old), 


Hyalella azteca 


Ammonium 


chloride 
4 d R,M 7.31 25 64 135.1     Ankley et al. 1995 


Scud (7-14 d old), 


Hyalella azteca 


Ammonium 


chloride 
4 d R,M 6.43 25 105 114.6 192.6 192.6 Ankley et al. 1995 


                      


Stonefly, Little golden stonefly 


(middle to late instar), 


Skwala americana 


Ammonium 


chloride 
4 d F,M 7.81 13.1 109.3 186.7     Thurston et al. 1984b 


Stonefly, Little golden stonefly 


(middle to late instar), 


Skwala americana 


Ammonium 


chloride 
4 d F,M 7.76 13.8 119.6 198.3 192.4 192.4 Thurston et al. 1984b 


                      


Mozambique tilapia (juvenile), 


Oreochromis mossambicus 


Ammonium 


chloride 
4 d R,U 7.2 28 151.5 185.2 185.2 185.2 Rani et al. 1998 


                      


Amphipod (4-6 mm), 


Crangonyx pseudogracilis 


Ammonium 


chloride 
4 d S,U 7.5 12 43.36 40.54     Prenter et al. 2004 


Amphipod, 


Crangonyx pseudogracilis 


Ammonium 


chloride 
4 d F,M 8 4 199.5 227.3     


West 1985; Arthur et al. 


1987 
Amphipod, 


Crangonyx pseudogracilis 


Ammonium 


chloride 
4 d F,M 8 12.1 216 481.7     


West 1985; Arthur et al. 


1987 
Amphipod, 


Crangonyx pseudogracilis 


Ammonium 


chloride 
4 d F,M 8 13.3 115.3 284.1     


West 1985; Arthur et al. 


1987 
Amphipod, 


Crangonyx pseudogracilis 


Ammonium 


chloride 
4 d F,M 8 24.9 25.1 161.7     


West 1985; Arthur et al. 


1987 
Amphipod, 


Crangonyx pseudogracilis 


Ammonium 


chloride 
4 d F,M 8.2 13 81.6 287.9 270.5   


West 1985; Arthur et al. 


1987 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Amphipod (13 d), 


Crangonyx sp. 


Ammonium 


chloride 
4 d F,M 8 12 79.23 175.3     Diamond et al. 1993 


Amphipod (8-42 d), 


Crangonyx sp. 


Ammonium 


chloride 
4 d F,M 8 20 19.83 85.13 122.2 181.8 Diamond et al. 1993 


                      


Tubificid worm (30-40 mm), 


Limnodrilus hoffmeisteri 
- 4 d F,M 7.9 11.5 96.62 170.2 170.2 170.2 Williams et al. 1986 


                      


Pouch snail, 


Physa gyrina 


Ammonium 


chloride 
4 d F,M 8 4 114.9 131.0     


West 1985; Arthur et al. 


1987 


Pouch snail, 


Physa gyrina 


Ammonium 


chloride 
4 d F,M 8.2 5.5 85.13 161.3     


West 1985; Arthur et al. 


1987 
Pouch snail, 


Physa gyrina 


Ammonium 


chloride 
4 d F,M 8.1 12.1 76.29 205.9     


West 1985; Arthur et al. 


1987 
Pouch snail, 


Physa gyrina 


Ammonium 


chloride 
4 d F,M 8.2 12.8 50.25 174.4     


West 1985; Arthur et al. 


1987 
Pouch snail, 


Physa gyrina 


Ammonium 


chloride 
4 d F,M 8 13.3 62.39 153.7     


West 1985; Arthur et al. 


1987 
Pouch snail, 


Physa gyrina 


Ammonium 


chloride 
4 d F,M 8 24.9 26.33 169.7 164.5 164.5 


West 1985; Arthur et al. 


1987 
                      


Damselfly (8-10 mm), 


Enallagma sp. 
 - 4 d F,M 7.9 11.5 93.1 164.0 164.0 164.0 Williams et al. 1986 


                      


Water flea (<24 hr), 


Chydorus sphaericus 


Ammonium 


chloride 
4 d S,M 8 20 37.88 162.6 162.6 162.6 Dekker et al. 2006 


                      


Fathead minnow (larva, 14 d), 


Pimephales promelas 
-  4 d S,U 7.6 20 37.56 79.59     Markle et al. 2000 


Fathead minnow, 


Pimephales promelas 


Ammonium 


chloride 
4 d S,M 7.52 20.25 36.73 68.17     EA Engineering 1985 


Fathead minnow, 


Pimephales promelas 


Ammonium 


chloride 
4 d S,M 7.48 19.85 40.93 72.10     EA Engineering 1985 


Fathead minnow, 


Pimephales promelas 


Ammonium 


chloride 
4 d S,M 7.52 20.25 37.49 69.59     EA Engineering 1985 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Fathead minnow, 


Pimephales promelas 


Ammonium 


chloride 
4 d S,M 7.48 19.85 41.79 73.61     EA Engineering 1985 


Fathead minnow, 


Pimephales promelas 


Ammonium 


chloride 
4 d S,M 7.48 19.85 43.49 76.61     EA Engineering 1985 


Fathead minnow (4-6 d old), 


Pimephales promelas 


Ammonium 


chloride 
4 d R,M 8.01 25 14.4 63.00     Buhl 2002 


Fathead minnow, 


Pimephales promelas 


Ammonium 


chloride 
4 d R,M 8 20 5.389 23.13     Diamond et al. 1993 


Fathead minnow, 


Pimephales promelas 


Ammonium 


chloride 
4 d R,M 8 20 6.1 26.19     Diamond et al. 1993 


Fathead minnow (1.9 g), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.9 3.4 229.7 818.4     


West 1985; Arthur et al. 


1987 
Fathead minnow (1.8 g), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.1 12.1 56.07 291.3     


West 1985; Arthur et al. 


1987 
Fathead minnow (1.6 g), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8 17.1 52.22 224.2     


West 1985; Arthur et al. 


1987 
Fathead minnow (1.7 g), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.1 26.1 29.23 151.8     


West 1985; Arthur et al. 


1987 
Fathead minnow, 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.05 14 47.29 223.2     DeGraeve et al. 1980 


Fathead minnow (4-5 mo), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.46 6 97.27 166.4     DeGraeve et al. 1987 


Fathead minnow (4-5 mo), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.46 10 101.7 174.0     DeGraeve et al. 1987 


Fathead minnow (4-5 mo), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.41 15 76.58 122.0     DeGraeve et al. 1987 


Fathead minnow (4-5 mo), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.41 20 78.22 124.6     DeGraeve et al. 1987 


Fathead minnow (4-5 mo), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.45 20 66.94 112.9     DeGraeve et al. 1987 


Fathead minnow (4-5 mo), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.4 25 81.81 128.5     DeGraeve et al. 1987 


Fathead minnow (4-5 mo), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.41 25 91.4 145.6     DeGraeve et al. 1987 


Fathead minnow (4-5 mo), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.44 30 64.12 106.6     DeGraeve et al. 1987 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Fathead minnow 


(0.28 g, 26.6 mm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.14 22 25.16 141.2     Mayes et al. 1986 


Fathead minnow 


(10 mm length), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.9 20.6 28.9 103.0     Nimmo et al. 1989 


Fathead minnow (10 mm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.2 6.2 7.322 46.15     Nimmo et al. 1989 


Fathead minnow (10 mm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.8 20.1 18.73 55.68     Nimmo et al. 1989 


Fathead minnow (10 mm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.8 19.8 32.12 95.49     Nimmo et al. 1989 


Fathead minnow (25 mm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.1 19.6 24.89 129.3     Nimmo et al. 1989 


Fathead minnow (25 mm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.2 6.2 11.56 72.86     Nimmo et al. 1989 


Fathead minnow (25 mm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.1 5.8 19.94 103.6     Nimmo et al. 1989 


Fathead minnow (25 mm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.1 5.8 21.44 111.4     Nimmo et al. 1989 


Fathead minnow (25 mm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.7 20.1 32.25 80.61     Nimmo et al. 1989 


Fathead minnow 


(15 mm, 0.0301 g), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.46 4.1 18.54 193.5     


Reinbold and Pescitelli 


1982b 


Fathead minnow 


(16 mm, 0.0315 g), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.02 23.9 19.55 87.16     


Reinbold and Pescitelli 


1982b 


Fathead minnow 


(19 mm, 0.0629 g), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.26 4.6 30.57 216.5     


Reinbold and Pescitelli 


1982b 


Fathead minnow 


(21 mm, 0.0662 g), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.16 25.2 17.65 102.9     


Reinbold and Pescitelli 


1982b 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Fathead minnow 


(5.2 cm, 1.1 g), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.7 21.65 63.02 157.5     Sparks 1975 


Fathead minnow (0.2 g), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.78 25.9 40.85 117.3     Swigert and Spacie 1983 


Fathead minnow (0.5 g), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.8 25.6 42.65 126.8     Swigert and Spacie 1983 


Fathead minnow 


(1.9 g, 5.2 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.83 11.8 45.71 143.4     Thurston et al. 1981c 


Fathead minnow 


(1.9 g, 5.2 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.82 12 62.72 193.3     Thurston et al. 1981c 


Fathead minnow 


(1.9 g, 5.2 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 6.51 13 260 192.9     Thurston et al. 1981c 


Fathead minnow 


(1.9 g, 5.2 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 9.03 13.2 5.94 169.6     Thurston et al. 1981c 


Fathead minnow 


(1.9 g, 5.2 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.51 13.5 18.88 216.9     Thurston et al. 1981c 


Fathead minnow 


(1.9 g, 5.2 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.01 13.8 145.9 147.2     Thurston et al. 1981c 


Fathead minnow 


(0.09 g, 2.0 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.91 16.3 51.55 187.1     Thurston et al. 1983 


Fathead minnow 


(0.09 g, 2.1 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.89 13.1 50.2 175.6     Thurston et al. 1983 


Fathead minnow 


(0.13 g, 2.3 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.64 13.6 58.4 132.1     Thurston et al. 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Fathead minnow 


(0.19 g, 2.6 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.68 13.5 64.7 156.3     Thurston et al. 1983 


Fathead minnow 


(0.22 g, 2.7 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.03 22.1 47.6 216.3     Thurston et al. 1983 


Fathead minnow 


(0.22 g, 2.9 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.06 22 42.6 205.0     Thurston et al. 1983 


Fathead minnow 


(0.26 g, 3.0 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.67 13.9 58.8 139.7     Thurston et al. 1983 


Fathead minnow 


(0.31 g, 3.0 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.05 13 74.65 352.4     Thurston et al. 1983 


Fathead minnow 


(0.31 g, 3.1 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.05 13.6 66.48 313.8     Thurston et al. 1983 


Fathead minnow 


(0.35 g, 3.1 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.94 19.1 42.3 162.3     Thurston et al. 1983 


Fathead minnow 


(0.42 g, 3.0 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.76 19 50.28 139.3     Thurston et al. 1983 


Fathead minnow 


(0.42 g, 3.6 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.66 13.4 58.2 136.0     Thurston et al. 1983 


Fathead minnow 


(0.47 g, 3.2 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.87 15.8 58.91 198.7     Thurston et al. 1983 


Fathead minnow 


(0.47 g, 3.2 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.83 22 50.6 158.7     Thurston et al. 1983 


Fathead minnow 


(0.5 g, 3.8 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.91 18.9 49.3 178.9     Thurston et al. 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Fathead minnow 


(0.8 g, 4.2 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.77 14.3 66.7 188.1     Thurston et al. 1983 


Fathead minnow 


(1.0 g, 4.6 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.77 14.1 72.71 205.1     Thurston et al. 1983 


Fathead minnow 


(1.4 g, 4.9 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.04 22.4 36.59 169.5     Thurston et al. 1983 


Fathead minnow 


(1.4 g, 5.0 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.08 21.4 44.8 224.0     Thurston et al. 1983 


Fathead minnow 


(1.4 g, 5.0 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 8.16 21.4 47.39 276.4     Thurston et al. 1983 


Fathead minnow 


(1.4 g, 5.1 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.88 21.7 50.9 174.8     Thurston et al. 1983 


Fathead minnow 


(1.4 g, 5.4 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.68 12.9 91.8 221.8     Thurston et al. 1983 


Fathead minnow 


(1.4 g, 5.5 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.63 13.2 89.85 199.9     Thurston et al. 1983 


Fathead minnow 


(1.5 g, 5.6 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.76 12.9 107.5 298.0     Thurston et al. 1983 


Fathead minnow 


(1.7 g, 5.2 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.84 21.7 55.43 177.0     Thurston et al. 1983 


Fathead minnow 


(2.1 g, 6.1 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.76 13.1 66.73 184.9     Thurston et al. 1983 


Fathead minnow 


(2.2 g, 6.2 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.74 12.8 52.2 139.7     Thurston et al. 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Fathead minnow 


(2.3 g, 6.3 cm), 


Pimephales promelas 


Ammonium 


chloride 
4 d F,M 7.91 15.9 47.43 172.1 159.2 159.2 Thurston et al. 1983 


                      


Brook trout (3.12 g, 7.2 cm), 


Salvelinus fontinalis 


Ammonium 


chloride 
4 d F,U 7.86 13.6 45.21 149.7     Thurston and Meyn 1984 


Brook trout (3.40 g, 7.4 cm), 


Salvelinus fontinalis 


Ammonium 


chloride 
4 d F,U 7.83 13.8 52.03 163.2 156.3   Thurston and Meyn 1984 


                      


Lake trout, siscowet (0.9 g), 


Salvelinus namaycush 


Ammonium 


chloride 
4 d S,M  7.45 8.5 90.43 152.5     Soderberg and Meade 1992 


Lake trout, siscowet (0.9 g), 


Salvelinus namaycush 


Ammonium 


chloride 
4 d S,M 7.45 8.5 110.2 185.9     Soderberg and Meade 1992 


Lake trout, siscowet (8 g), 


Salvelinus namaycush 


Ammonium 


chloride 
4 d S,M 7.45 8.5 96.25 162.3     Soderberg and Meade 1992 


Lake trout, siscowet (8 g), 


Salvelinus namaycush 


Ammonium 


chloride 
4 d S,M 7.45 8.5 83.11 140.1 159.3 157.8 Soderberg and Meade 1992 


                      


Shortnose sturgeon (fingerling), 


Acipenser brevirostrum 


Ammonium 


chloride 
4 d S,M 7.05 18 149.8 156.7 156.7 156.7 Fontenot et al. 1998 


                      


White sucker (5.6 g), 


Catostomus commersonii 


Ammonium 


chloride 
4 d F,M 7.8 3.6 89.57 266.3     


West 1985; Arthur et al. 


1987 
White sucker (5.2 g), 


Catostomus commersonii 


Ammonium 


chloride 
4 d F,M 8.1 11.3 60.86 316.1     


West 1985; Arthur et al. 


1987 
White sucker (12.6 g), 


Catostomus commersonii 


Ammonium 


chloride 
4 d F,M 8.2 12.6 40.85 257.4     


West 1985; Arthur et al. 


1987 
White sucker (9.6 g), 


Catostomus commersonii 


Ammonium 


chloride 
4 d F,M 8.2 15.3 43.01 271.0     


West 1985; Arthur et al. 


1987 
White sucker (110 mm), 


Catostomus commersonii 


Ammonium 


chloride 
4 d F,M 7.8 20.2 31.21 92.80     Nimmo et al. 1989 


White sucker (110 mm), 


Catostomus commersonii 


Ammonium 


chloride 
4 d F,M 7.8 20.2 18.93 56.28     Nimmo et al. 1989 


White sucker (92 mm, 6.3 g), 


Catostomus commersonii 


Ammonium 


chloride 
4 d F,M 8.16 15 30.28 176.6     


Reinbold and Pescitelli 


1982c 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


White sucker (92 mm, 6.3 g), 


Catostomus commersonii 


Ammonium 


chloride 
4 d F,M 8.14 15.4 29.65 166.3     


Reinbold and Pescitelli 


1982c 


White sucker (11.4 g), 


Catostomus commersonii 


Ammonium 


chloride 
4 d F,M 7.8 22.5 22.3 66.32 157.5   Swigert and Spacie 1983 


                      


Mountain sucker 


(63.3 g, 18.2 cm), 


Catostomus platyrhynchus 


Ammonium 


chloride 
4 d F,U 7.67 12 66.91 159.0     Thurston and Meyn 1984 


Mountain sucker 


(45.3 g, 16.2 cm), 


Catostomus platyrhynchus 


Ammonium 


chloride 
4 d F,U 7.69 13.2 47.59 117.0     Thurston and Meyn 1984 


Mountain sucker 


(47.8 g, 15.9 cm), 


Catostomus platyrhynchus 


Ammonium 


chloride 
4 d F,U 7.73 11.7 51.62 135.8 136.2 146.5 Thurston and Meyn 1984 


                      


Water flea, 


Ceriodaphnia acanthina 


Ammonium 


chloride 
2 d F,M 7.06 24 104.8 154.3 154.3   Mount 1982 


                      


Water flea (<24 hr), 


Ceriodaphnia dubia 


Ammonium 


chloride 
2 d S,M 8.02 24.8 21.26 141.1     


Andersen and Buckley 


1998 


Water flea (<24 hr), 


Ceriodaphnia dubia 


Ammonium 


chloride 
2 d S,M 7.5 25 47.05 129.2     Bailey et al. 2001 


Water flea (<24 hr), 


Ceriodaphnia dubia 


Ammonium 


chloride 
2 d S,M 7.5 25 56.84 156.1     Bailey et al. 2001 


Water flea (<24 hr), 


Ceriodaphnia dubia 


Ammonium 


chloride 
2 d S,M 8.16 22 24.77 170.5     Black 2001 


Water flea (<24 hr), 


Ceriodaphnia dubia 


Ammonium 


chloride 
2 d S,M 8.4 23 28.06 334.5     Black 2001 


Water flea (<24 hr), 


Ceriodaphnia dubia 


Ammonium 


chloride 
2 d S,M 8.4 23 32.63 389.0     Black 2001 


Water flea (<24 hr), 


Ceriodaphnia dubia 


Ammonium 


chloride 
2 d S,M 8 25 14.52 94.35     Scheller 1997 


Water flea, 


Ceriodaphnia dubia 


Ammonium 


chloride 
2 d S,M 8.08 24.75 15.6 114.5     


Andersen and Buckley 


1998 


Water flea, 


Ceriodaphnia dubia 


Ammonium 


hydroxide 
2 d R,M 8.4 26.4 7.412 117.1     Cowgill and Milazzo 1991 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Water flea, 


Ceriodaphnia dubia 


Ammonium 


sulfate 
2 d R,NR 7.4 23 48.59 97.89     Manning et al. 1996 


Water flea, 


Ceriodaphnia dubia 


Ammonium 


chloride 
2 d R,M 7.8 25 33.98 152.9     Nimmo et al. 1989 


Water flea, 


Ceriodaphnia dubia 


Ammonium 


chloride 
2 d R,M 8.2 7 16.65 35.72     Nimmo et al. 1989 


Water flea, 


Ceriodaphnia dubia 


Ammonium 


chloride 
2 d S,M 7.85 23 28.65 119.5     Sarda 1994 


Water flea, 


Ceriodaphnia dubia 


Ammonium 


chloride 
2 d S,M 7.85 23 28.77 120.0 134.2 143.9 Sarda 1994 


                      


Water flea (adult), 


Simocephalus vetulus 


Ammonium 


chloride 
2 d F,M 8.3 17 31.58 188.5     


West 1985; Arthur et al. 


1987 


Water flea (adult), 


Simocephalus vetulus 


Ammonium 


chloride 
2 d F,M 8.1 20.4 21.36 114.7     Arthur et al. 1987 


Water flea, 


Simocephalus vetulus 


Ammonium 


chloride 
2 d F,M 7.25 24.5 83.51 157.0     Mount 1982 


Water flea, 


Simocephalus vetulus 


Ammonium 


chloride 
2 d F,M 7.06 24 83.51 122.9 142.9 142.9 Mount 1982 


                      


Channel catfish, 


Ictalurus punctatus 


Ammonium 


chloride 
4 d S,U 8.7 22 10.56 172.9     


Colt and Tchobanoglous 


1976 


Channel catfish, 


Ictalurus punctatus 


Ammonium 


chloride 
4 d S,U 8.7 26 10.19 166.9     


Colt and Tchobanoglous 


1976 


Channel catfish, 


Ictalurus punctatus 


Ammonium 


chloride 
4 d S,U 8.7 30 10.88 178.1     


Colt and Tchobanoglous 


1976 


Channel catfish, 


Ictalurus punctatus 


Ammonium 


chloride 
4 d S,M 7.49 19.7 131.5 235.0     EA Engineering 1985 


Channel catfish, 


Ictalurus punctatus 


Ammonium 


chloride 
4 d S,M 7.53 19.75 99.67 189.3     EA Engineering 1985 


Channel catfish (larvae, 1 d), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d R,M 8.2 23.8 13.03 82.10     Bader and Grizzle 1992 


Channel catfish (juvenile, 7 d), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d R,M 8.2 23.9 17.22 108.5     Bader and Grizzle 1992 


Channel catfish (3.5 g), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 7.8 19.6 44.71 132.9     


West 1985; Arthur et al. 


1987 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Channel catfish (5.8 g), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 8 3.5 37.64 161.6     


West 1985; Arthur et al. 


1987 
Channel catfish (6.4 g), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 8.1 14.6 24.94 129.5     


West 1985; Arthur et al. 


1987 
Channel catfish, 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 8.4 28 10.71 99.59     


Colt and Tchobanoglous 


1978 


Channel catfish (3-11 mo), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 7.46 10 124.8 213.5     DeGraeve et al. 1987 


Channel catfish (3-11 mo), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 7.41 15 113.1 180.2     DeGraeve et al. 1987 


Channel catfish (3-11 mo), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 7.41 20 89.63 142.8     DeGraeve et al. 1987 


Channel catfish (3-11 mo), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 7.45 20 72.15 121.7     DeGraeve et al. 1987 


Channel catfish (3-11 mo), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 7.4 25 89.41 140.5     DeGraeve et al. 1987 


Channel catfish (3-11 mo), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 7.41 25 85.69 136.5     DeGraeve et al. 1987 


Channel catfish (3-11 mo), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 7.44 30 65.25 108.5     DeGraeve et al. 1987 


Channel catfish (<110 d), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 8 20 15.09 64.77     Diamond et al. 1993 


Channel catfish, 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 7.94 23.8 33.1 127.0     


Reinbold and Pescitelli 


1982d 


Channel catfish, 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 7.98 23.8 30.49 126.1     


Reinbold and Pescitelli 


1982d 


Channel catfish (4.5-10.8 g), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 8.08 28 44.44 222.2     Roseboom and Richey 1977 


Channel catfish (7.1-12.7 g), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 8.09 22 32.33 164.8     Roseboom and Richey 1977 


Channel catfish 


(14.3 mm, 19.0 g), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 7.93 20 74.35 277.4     Sparks 1975 


Channel catfish (0.5 g), 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 7.8 25.7 32.85 97.67     Swigert and Spacie 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Channel catfish, 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 8 26 32.34 138.8     West 1985 


Channel catfish, 


Ictalurus punctatus 


Ammonium 


chloride 
4 d F,M 8.1 17 40.83 212.1 142.4 142.4 West 1985 


                      


Red swamp crayfish (2.1 cm), 


Procambarus clarkii 


Ammonium 


chloride 
4 d F,M 8 20 26.08 112.0     Diamond et al. 1993 


Red swamp crayfish (<2.5 cm), 


Procambarus clarkii 


Ammonium 


chloride 
4 d F,M 8 12 76.92 170.1 138.0 138.0 Diamond et al. 1993 


                      


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6.4 1.8 123 87.86     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6.4 1.8 133.9 95.64     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6 2.1 297.2 195.1     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6 2.1 341.1 223.9     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6.05 2.5 400 264.4     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6.05 2.5 491.7 325.0     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6 7.3 581.5 381.7     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6 7.3 587.6 385.7     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6.45 7.4 171.3 124.4     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6.45 7.4 214.4 155.7     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6.45 12.5 230.6 167.4     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6.45 12.5 248.3 180.3     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6.05 12.5 403.5 266.7     Knoph 1992 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6.05 12.5 451.5 298.5     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6.05 17.1 356.1 235.4     Knoph 1992 


Atlantic salmon (4.8-9.2 cm), 


Salmo salar 


Ammonium 


sulfate 
4 d S,M 6.05 17.1 373 246.6     Knoph 1992 


Atlantic salmon (1.5 g), 


Salmo salar 


Ammonium 


chloride 
4 d S,M 7.45 8.5 60.29 101.7     Soderberg and Meade 1992 


Atlantic salmon (1.5 g), 


Salmo salar 


Ammonium 


chloride 
4 d S,M 7.45 8.5 35.74 60.26     Soderberg and Meade 1992 


Atlantic salmon (36 g), 


Salmo salar 


Ammonium 


chloride 
4 d S,M 7.45 8.5 118.2 199.3     Soderberg and Meade 1992 


Atlantic salmon (36 g), 


Salmo salar 


Ammonium 


chloride 
4 d S,M 7.45 8.5 70.62 119.1 183.3   Soderberg and Meade 1992 


                      


Brown trout (1.20 g, 5.4 cm), 


Salmo trutta 


Ammonium 


chloride 
4 d F,U 7.85 13.2 29.58 96.20     Thurston and Meyn 1984 


Brown trout (1.17 g, 5.3 cm), 


Salmo trutta 


Ammonium 


chloride 
4 d. F,U 7.86 13.8 32.46 107.5     Thurston and Meyn 1984 


Brown trout (0.91 g, 4.9 cm), 


Salmo trutta 


Ammonium 


chloride 
4 d F,U 7.82 14.2 33.3 102.6 102.0 136.7 Thurston and Meyn 1984 


                      


White perch (76 mm), 


Morone americana 


Ammonium 


chloride 
4 d S,M 8 16 14.93 64.09     Stevenson 1977 


White perch (76 mm), 


Morone americana 


Ammonium 


chloride 
4 d S,M 6 16 418.4 274.7 132.7   Stevenson 1977 


                      


White bass (4.4 g), 


Morone chrysops 


Ammonium 


chloride 
4 d S,M 7.09 19.7 132.4 144.0 144.0   Ashe et al. 1996 


                      


Striped bass (20-93 mm), 


Morone saxatilis 


Ammonium 


chloride 
4 d S,M 7.4 23.3 92.17 144.8     Hazel et al. 1971 


Striped bass (20-93 mm), 


Morone saxatilis 


Ammonium 


chloride 
4 d S,M 7.5 23.3 73.45 133.3     Hazel et al. 1971 


Striped bass (20-93 mm), 


Morone saxatilis 


Ammonium 


chloride 
4 d S,M 7.35 15 259.7 378.9     Hazel et al. 1971 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Striped bass (20-93 mm), 


Morone saxatilis 


Ammonium 


chloride 
4 d S,M 7.5 15 182.3 330.7     Hazel et al. 1971 


Striped bass (20-93 mm), 


Morone saxatilis 


Ammonium 


chloride 
4 d S,M 7.93 23.3 48.03 180.8     Hazel et al. 1971 


Striped bass (20-93 mm), 


Morone saxatilis 


Ammonium 


chloride 
4 d S,M 7.5 23.3 125.9 228.5     Hazel et al. 1971 


Striped bass (20-93 mm), 


Morone saxatilis 


Ammonium 


chloride 
4 d S,M 7.84 15 165.7 524.6     Hazel et al. 1971 


Striped bass (20-93 mm), 


Morone saxatilis 


Ammonium 


chloride 
4 d S,M 7.5 15 354.9 644.0     Hazel et al. 1971 


Striped bass (126.6 g), 


Morone saxatilis 


Ammonium 


chloride 
4 d S,M 8.3 21 12.86 98.43 246.2   


Oppenborn and Goudie 


1993 


                      


Sunshine bass (larvae, 12 h), 


Morone saxatilis x chrysops 


Ammonium 


chloride 
4 d S,M 8.5 18.7 3.903 43.99     Harcke and Daniels 1999 


Sunshine bass (367.2 g), 


Morone saxatilis x chrysops 


Ammonium 


chloride 
4 d S,M 8.3 21 8.147 62.37     


Oppenborn and Goudie 


1993 


Sunshine bass (42.7 g), 


Morone saxatilis x chrysops 


Ammonium 


chloride 
4 d S,M 7 25 63.62 63.62     Weirich et al. 1993 


Sunshine bass (42.7 g), 


Morone saxatilis x chrysops 


Ammonium 


chloride 
4 d S,M 7 25 83.06 83.06     Weirich et al. 1993 


Sunshine bass (42.7 g), 


Morone saxatilis x chrysops 


Ammonium 


chloride 
4 d S,M 7 25 56.55 56.55     Weirich et al. 1993 


Sunshine bass (42.7 g), 


Morone saxatilis x chrysops 


Ammonium 


chloride 
4 d S,M 7 25 65.39 65.39     Weirich et al. 1993 


Sunshine bass (42.7 g), 


Morone saxatilis x chrysops 


Ammonium 


chloride 
4 d S,M 7 25 60.09 60.09     Weirich et al. 1993 


Sunshine bass (42.7 g), 


Morone saxatilis x chrysops 


Ammonium 


chloride 
4 d S,M 7 25 64.51 64.51     Weirich et al. 1993 


Sunshine bass (42.7 g), 


Morone saxatilis x chrysops 


Ammonium 


chloride 
4 d S,M 7 25 79.53 79.53     Weirich et al. 1993 


Sunshine bass (42.7 g), 


Morone saxatilis x chrysops 


Ammonium 


chloride 
4 d S,M 7 25 86.6 86.60     Weirich et al. 1993 


Sunshine bass (42.7 g), 


Morone saxatilis x chrysops 


Ammonium 


chloride 
4 d S,M 7 25 95.43 95.43     Weirich et al. 1993 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Sunshine bass (42.7 g), 


Morone saxatilis x chrysops 


Ammonium 


chloride 
4 d S,M 7 25 105.2 105.2 70.22 134.8 Weirich et al. 1993 


                      


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d S,M 8.5 20 26.34 296.9     Gersich and Hopkins 1986 


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d S,M 7.92 21 9.463 37.66     Gulyas and Fleit 1990 


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d S,M 8.2 25 20.71 197.5     Parkhurst et al. 1979, 1981 


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d R,U 8.34 19.7 51.92 419.1     


Reinbold and Pescitelli 


1982a 


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d S,M 8.07 19.6 51.09 242.4     Russo et al. 1985 


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d S,M 7.51 20.1 48.32 89.74     Russo et al. 1985 


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d S,M 7.53 20.1 55.41 106.1     Russo et al. 1985 


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d S,M 7.5 20.3 43.52 80.98     Russo et al. 1985 


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d S,M 7.4 20.6 42.31 69.88     Russo et al. 1985 


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d S,M 8.09 20.9 41.51 227.9     Russo et al. 1985 


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d S,M 7.95 22 51.3 236.7     Russo et al. 1985 


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d S,M 8.15 22 37.44 252.8     Russo et al. 1985 


Water flea, 


Daphnia magna 


Ammonium 


chloride 
2 d S,M 8.04 22.8 38.7 226.1 157.7   Russo et al. 1985 


                      


Water flea, 


Daphnia pulicaria 


Ammonium 


chloride 
2 d F,M 8.05 14 34.5 99.03 99.03 125.0 DeGraeve et al. 1980 


                      


Clawed toad (embryo), 


Xenopus laevis 


Ammonium 


sulfate 
4 d R,M 7.2 22 38.59 40.91     


Schuytema and Nebeker 


1999a 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Clawed toad (embryo), 


Xenopus laevis 


Ammonium 


sulfate 
4 d R,M 7.2 22 119.6 126.8     


Schuytema and Nebeker 


1999a 


Clawed toad (embryo), 


Xenopus laevis 


Ammonium 


nitrate 
4 d R,M 7.2 24 32.37 39.55     


Schuytema and Nebeker 


1999a 


Clawed toad (embryo), 


Xenopus laevis 


Ammonium 


sulfate 
4 d R,M 7.2 24 60.71 74.17     


Schuytema and Nebeker 


1999a 


Clawed toad 


(17 mg, Gosner Stage 26-27), 


Xenopus laevis 


Nitric acid 


ammonium salt 
4 d R,M 7.15 22 101.4 117.2     


Schuytema and Nebeker 


1999b 


Clawed toad 


(17 mg, Gosner Stage 26-27), 


Xenopus laevis 


Ammonium 


sulfate 
4 d R,M 7.15 22 135.9 157.2     


Schuytema and Nebeker 


1999b 


Clawed toad 


(21 mg, Gosner Stage 26-27), 


Xenopus laevis 


Ammonium 


chloride 
4 d R,M 7.15 22 128.3 148.4     


Schuytema and Nebeker 


1999b 


Clawed toad (embryo), 


Xenopus laevis 


Ammonium 


phosphate 
4 d R,M 8.43 25 37.3 367.4     Tietge et al. 2000 


Clawed toad (embryo), 


Xenopus laevis 


Ammonium 


phosphate 
4 d R,M 8.62 25 28.7 405.6 122.5 122.5 Tietge et al. 2000 


                      


Flatworm, 


Dendrocoelum lacteum 


Ammonium 


chloride 
4 d S,U 8.2 18 22.37 119.5 119.5 119.5 Stammer 1953 


                      


Walleye, 


Sander vitreus 


Ammonium 


chloride 
4 d F,U 8.08 18.2 17.43 87.13     


Reinbold and Pescitelli 


1982a 


Walleye (22.6 g), 


Sander vitreus 


Ammonium 


chloride 
4 d F,M 7.9 3.7 48.37 172.3     


West 1985; Arthur et al. 


1987 
Walleye (19.4 g), 


Sander vitreus 


Ammonium 


chloride 
4 d F,M 7.7 11.1 89.93 224.8     


West 1985; Arthur et al. 


1987 
Walleye (13.4 g), 


Sander vitreus 


Ammonium 


chloride 
4 d F,M 8.3 19 6.123 46.87     


West 1985; Arthur et al. 


1987 
Walleye (3.0 g, 65.6 mm), 


Sander vitreus 


Ammonium 


chloride 
4 d F,M 8.06 21.5 21.49 103.4 117.1 117.1 Mayes et al. 1986 


                      


Central stoneroller (2.1 g), 


Campostoma anomalum 


Ammonium 


chloride 
4 d F,M 7.8 25.7 38.97 115.9 115.9 115.9 Swigert and Spacie 1983 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


                      


Rainbow dace, 


Cyprinella lutrensis 


Ammonium 


chloride 
4 d F,M 8.3 24 24.37 186.5     Hazel et al. 1979 


Rainbow dace, 


Cyprinella lutrensis 


Ammonium 


chloride 
4 d F,M 9.1 24 6.502 206.1 196.1   Hazel et al. 1979 


                      


Spotfin shiner (31-85 mm), 


Cyprinella spiloptera 


Ammonium 


chloride 
4 d F,M 7.95 26.5 18.52 72.39     Rosage et al. 1979 


Spotfin shiner (41-78 mm), 


Cyprinella spiloptera 


Ammonium 


chloride 
4 d F,M 8.15 26.5 16.27 93.07     Rosage et al. 1979 


Spotfin shiner (0.5 g), 


Cyprinella spiloptera 


Ammonium 


chloride 
4 d F,M 7.9 25.7 24.52 87.36 83.80   Swigert and Spacie 1983 


                      


Steelcolor shiner (0.5 g), 


Cyprinella whipplei 


Ammonium 


chloride 
4 d F,M 7.9 25.7 22.72 80.94 80.94 110.0 Swigert and Spacie 1983 


                      


Dwarf wedgemussel 


(glochidia), 


Alasmidonta heterodon 


Ammonium 


chloride 
1 d S,M 8.3 20 >14.24 c >109.0 >109.0 >109.0 Wang et al. 2007b 


                      


Pink papershell (glochidia), 


Potamilus ohiensis 


Ammonium 


chloride 
1 d S,M 8.3 20 >14.24 c >109.0 >109.0 >109.0 Wang et al. 2007b 


                      


Green sunfish 


(larvae, 9 d swim up fry), 


Lepomis cyanellus 


Ammonium 


chloride 
4 d F,U 8.28 26.2 8.43 62.07     


Reinbold and Pescitelli 


1982a 


Green sunfish, 


Lepomis cyanellus 


Ammonium 


chloride 
4 d F,M 7.84 12.3 33.09 105.7     Jude 1973 


Green sunfish (62.5 mg), 


Lepomis cyanellus 


Ammonium 


chloride 
4 d F,M 7.2 22.4 142.9 174.5     McCormick et al. 1984 


Green sunfish (62.5 mg), 


Lepomis cyanellus 


Ammonium 


chloride 
4 d F,M 6.61 22.4 254.5 197.0     McCormick et al. 1984 


Green sunfish (62.5 mg), 


Lepomis cyanellus 


Ammonium 


chloride 
4 d F,M 7.72 22.4 55.79 144.3     McCormick et al. 1984 


Green sunfish (62.5 mg), 


Lepomis cyanellus 


Ammonium 


chloride 
4 d F,M 8.69 22.4 9.24 148.6 150.8   McCormick et al. 1984 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


                      


Pumpkinseed (4.13-9.22 g), 


Lepomis gibbosus 


Ammonium 


chloride 
4 d F,M 7.77 12 9.11 25.69     Jude 1973 


Pumpkinseed, 


Lepomis gibbosus 


Ammonium 


chloride 
4 d F,M 7.77 14 48.09 135.6     Thurston 1981 


Pumpkinseed, 


Lepomis gibbosus 


Ammonium 


chloride 
4 d F,M 7.77 14.5 42.02 118.5     Thurston 1981 


Pumpkinseed, 


Lepomis gibbosus 


Ammonium 


chloride 
4 d F,M 7.71 15.7 48.54 87.54 77.53   Thurston 1981 


                      


Bluegill, 


Lepomis macrochirus 


Ammonium 


chloride 
4 d S,M 7.51 20.35 40.41 73.88     EA Engineering 1985 


Bluegill, 


Lepomis macrochirus 


Ammonium 


chloride 
4 d S,M 7.51 20.35 41.96 76.72     EA Engineering 1985 


Bluegill, 


Lepomis macrochirus 


Ammonium 


chloride 
4 d S,M 7.52 20.65 41.9 78.36     EA Engineering 1985 


Bluegill, 


Lepomis macrochirus 


Ammonium 


chloride 
4 d S,M 7.51 20.35 44.3 80.98     EA Engineering 1985 


Bluegill, 


Lepomis macrochirus 


Ammonium 


chloride 
4 d S,M 7.52 20.65 42.63 79.73     EA Engineering 1985 


Bluegill, 


Lepomis macrochirus 


Ammonium 


chloride 
4 d S,M 7.52 20.65 44.1 82.48     EA Engineering 1985 


Bluegill (1.7 cm), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8 20 21.56 92.54     Diamond et al. 1993 


Bluegill, 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8 12 25.12 107.9     Diamond et al. 1993 


Bluegill 


(20.0-70.0 mm, young of year), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8.11 18.5 16.73 88.57     Emery and Welch 1969 


Bluegill 


(20.0-70.0 mm, young of year), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8.24 18.5 42.01 286.1     Emery and Welch 1969 


Bluegill 


(20.0-70.0 mm, young of year), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8.75 18.5 12.7 227.4     Emery and Welch 1969 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Bluegill 


(20.0-70.0 mm, young of year), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 9.05 18.5 6.581 193.8     Emery and Welch 1969 


Bluegill 


(20.0-70.0 mm, young of year), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 9.19 18.5 3.755 135.0     Emery and Welch 1969 


Bluegill 


(20.0-70.0 mm, young of year), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 9.62 18.5 0.7859 44.84     Emery and Welch 1969 


Bluegill 


(20.0-70.0 mm, young of year), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 9.85 18.5 1.346 89.70     Emery and Welch 1969 


Bluegill, 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8.6 24 5.509 75.01     Hazel et al. 1979 


Bluegill (5.2 cm), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 7.9 24.25 33.06 117.8     Lubinski et al. 1974 


Bluegill (0.38 g, 26.3 mm), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8.1 22 19.39 100.7     Mayes et al. 1986 


Bluegill (19 mm, 0.0781 g), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8.4 4 14.64 136.1     


Reinbold and Pescitelli 


1982b 


Bluegill (22 mm, 0.1106 g), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8.12 25 23.37 126.2     


Reinbold and Pescitelli 


1982b 


Bluegill (28 mm, 0.250 g), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8.16 4.5 12.55 73.19     


Reinbold and Pescitelli 


1982b 


Bluegill (30 mm, 0.267 g), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8.09 24.8 17.22 87.75     


Reinbold and Pescitelli 


1982b 


Bluegill (217 mg), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8 22 12.75 54.74     Roseboom and Richey 1977 


Bluegill (342 mg), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8.2 28 14.81 93.31     Roseboom and Richey 1977 


Bluegill (646 mg), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 7.93 22 24.08 90.66     Roseboom and Richey 1977 


Bluegill (72 mg), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 8.07 22 8.846 43.38     Roseboom and Richey 1977 


Bluegill, 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 7.6 21.7 44.03 93.31     Smith et al. 1984 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Bluegill (4.8 cm, 1.1 g), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 7.85 22.05 59.93 194.9     Sparks 1975 


Bluegill (0.9 g), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 7.8 24.2 33.88 100.7     Swigert and Spacie 1983 


Bluegill (0.9 g), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 7.6 26.5 58.69 124.4     Swigert and Spacie 1983 


Bluegill (1.2 g), 


Lepomis macrochirus 


Ammonium 


chloride 
4 d F,M 7.8 26.6 37.52 111.6 104.5 106.9 Swigert and Spacie 1983 


                      


Common carp (206 mg), 


Cyprinus carpio 


Ammonium 


chloride 
4 d R,M 7.72 28 51.78 133.9     Hasan and MacIntosh 1986 


Common carp (299 mg), 


Cyprinus carpio 


Ammonium 


chloride 
4 d R,M 7.72 28 48.97 126.6     Hasan and MacIntosh 1986 


Common carp (4-5 cm), 


Cyprinus carpio 


Ammonium 


chloride 
4 d R,M 7.4 28 45.05 70.78 106.3 106.3 Rao et al. 1975 


                      


Golden trout (0.09 g, 24 cm), 


Oncorhynchus aguabonita 


Ammonium 


chloride 
4 d F,M 8.06 13.2 23.3 112.1 112.1   Thurston and Russo 1981 


                      


Cutthroat trout (3.6 g), 


Oncorhynchus clarkii 


Ammonium 


chloride 
4 d F,M 7.7 10 17.3 43.24     Thurston et al. 1981a 


Cutthroat trout (3.6 g), 


Oncorhynchus clarkii 


Ammonium 


chloride 
4 d F,M 7.7 10 29.1 72.73     Thurston et al. 1981a 


Cutthroat trout (4.1 g), 


Oncorhynchus clarkii 


Ammonium 


chloride 
4 d F,M 7.7 10 19.3 48.24     Thurston et al. 1981a 


Cutthroat trout (4.1 g), 


Oncorhynchus clarkii 


Ammonium 


chloride 
4 d F,M 7.7 10 26.3 65.73     Thurston et al. 1981a 


Cutthroat trout (3.4 g), 


Oncorhynchus clarkii 


Ammonium 


chloride 
4 d F,M 7.78 12.2 32.57 93.49     Thurston et al. 1978 


Cutthroat trout (3.3 g), 


Oncorhynchus clarkii 


Ammonium 


chloride 
4 d F,M 7.8 12.4 36.55 108.7     Thurston et al. 1978 


Cutthroat trout (1.0 g), 


Oncorhynchus clarkii 


Ammonium 


chloride 
4 d F,M 7.8 12.8 37.75 112.2     Thurston et al. 1978 


Cutthroat trout (1.0 g), 


Oncorhynchus clarkii 


Ammonium 


chloride 
4 d F,M 7.81 13.1 43.72 132.3 78.92   Thurston et al. 1978 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Pink salmon (late alevins), 


Oncorhynchus gorbuscha 


Ammonium 


sulfate 
4 d S,M 6.4 4.3 230.5 164.6     Rice and Bailey 1980 


Pink salmon (fry), 


Oncorhynchus gorbuscha 


Ammonium 


sulfate 
4 d S,M 6.4 4.3 277.7 198.3 180.7   Rice and Bailey 1980 


                      


Coho salmon (6 g), 


Oncorhynchus kisutch 


Ammonium 


chloride 
4 d F,M 8.1 17.2 11.59 60.20     Buckley 1978 


Coho salmon, 


Oncorhynchus kisutch 


Ammonium 


chloride 
4 d F,M 7 15 82.02 82.02     


Wilson 1974; Robinson-


Wilson and Seim 1975 


Coho salmon, 


Oncorhynchus kisutch 


Ammonium 


chloride 
4 d F,M 7 15 84.43 84.43     


Wilson 1974; Robinson-


Wilson and Seim 1975 


Coho salmon, 


Oncorhynchus kisutch 


Ammonium 


chloride 
4 d F,M 7.5 15 50.65 91.90     


Wilson 1974; Robinson-


Wilson and Seim 1975 


Coho salmon, 


Oncorhynchus kisutch 


Ammonium 


chloride 
4 d F,M 7.5 15 52.76 95.73     


Wilson 1974; Robinson-


Wilson and Seim 1975 


Coho salmon, 


Oncorhynchus kisutch 


Ammonium 


chloride 
4 d F,M 8 15 21.63 92.84     


Wilson 1974; Robinson-


Wilson and Seim 1975 


Coho salmon, 


Oncorhynchus kisutch 


Ammonium 


chloride 
4 d F,M 8 15 22 94.44     


Wilson 1974; Robinson-


Wilson and Seim 1975 


Coho salmon, 


Oncorhynchus kisutch 


Ammonium 


chloride 
4 d F,M 8.5 15 9.093 102.5 87.05   


Wilson 1974; Robinson-


Wilson and Seim 1975 


                      


Rainbow trout (0.5-3.0 g), 


Oncorhynchus mykiss 


Ammonium 


sulfate 
4 d S,U 7.95 15 51.06 199.6     Qureshi et al. 1982 


Rainbow trout 


(McConaughy strain, 251 mg), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d S,M 6.84 12 112 98.86     Buhl and Hamilton 2000 


Rainbow trout, 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d S,M 7.55 15 34.23 67.04     Craig and Beggs 1979 


Rainbow trout (0.80 g), 


Oncorhynchus mykiss 
 - 4 d S,M 6.95 14.7 163.6 156.9     Environment Canada 2004 


Rainbow trout (0.60 g), 


Oncorhynchus mykiss 
 - 4 d S,M 6.97 14.5 144 140.3     Environment Canada 2004 


Rainbow trout (0.63 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.02 15.4 146.7 149.4     Environment Canada 2004 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Rainbow trout (0.80 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.02 14.6 159 161.8     Environment Canada 2004 


Rainbow trout (0.80 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.03 15.1 156.6 160.9     Environment Canada 2004 


Rainbow trout (0.90 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.18 15.1 141.6 169.2     Environment Canada 2004 


Rainbow trout (2.01 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.45 15.1 104.4 176.0     Environment Canada 2004 


Rainbow trout (1.30 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.47 14.7 72.65 126.1     Environment Canada 2004 


Rainbow trout (0.78 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.47 14.5 79.67 138.3     Environment Canada 2004 


Rainbow trout (0.40 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.51 14.2 73.71 135.8     Environment Canada 2004 


Rainbow trout (1.64 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.54 14.6 75.3 145.2     Environment Canada 2004 


Rainbow trout (1.13 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.59 13.9 59.4 123.9     Environment Canada 2004 


Rainbow trout (1.50 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.87 15.1 42.9 144.7     Environment Canada 2004 


Rainbow trout (1.38 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.93 15.2 41.15 155.0     Environment Canada 2004 


Rainbow trout (0.90 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.97 15.2 36.17 145.4     Environment Canada 2004 


Rainbow trout (1.00 g), 


Oncorhynchus mykiss 
 - 4 d S,M 7.98 15.1 35.29 145.9     Environment Canada 2004 


Rainbow trout (1.30 g), 


Oncorhynchus mykiss 
 - 4 d S,M 8.03 14.9 23.03 104.6     Environment Canada 2004 


Rainbow trout (1.26 g), 


Oncorhynchus mykiss 
 - 4 d S,M 8.04 14.3 25.84 119.7     Environment Canada 2004 


Rainbow trout (1.60 g), 


Oncorhynchus mykiss 
 - 4 d S,M 8.34 15.3 19.15 158.5     Environment Canada 2004 


Rainbow trout (1.30 g), 


Oncorhynchus mykiss 
 - 4 d S,M 8.39 15.3 12.05 109.9     Environment Canada 2004 


Rainbow trout (1.11 g), 


Oncorhynchus mykiss 
 - 4 d S,M 8.4 14.9 12.84 119.4     Environment Canada 2004 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Rainbow trout (1.40 g), 


Oncorhynchus mykiss 
 - 4 d S,M 8.44 14.7 14.41 144.7     Environment Canada 2004 


Rainbow trout (0.90 g), 


Oncorhynchus mykiss 
 - 4 d S,M 8.46 14.5 11.82 123.4     Environment Canada 2004 


Rainbow trout (1.26 g), 


Oncorhynchus mykiss 
 - 4 d S,M 8.47 14.3 17.2 183.0     Environment Canada 2004 


Rainbow trout (1.01 g), 


Oncorhynchus mykiss 
 - 4 d S,M 8.93 14.2 4.8 117.0     Environment Canada 2004 


Rainbow trout (1.44 g), 


Oncorhynchus mykiss 
 - 4 d S,M 8.93 15 5.4 131.6     Environment Canada 2004 


Rainbow trout (1.42 g), 


Oncorhynchus mykiss 
 - 4 d S,M 9.46 14.6 1.6 79.03     Environment Canada 2004 


Rainbow trout, 


Oncorhynchus mykiss 
 - 4 d S,M 7.5 15 38.37 69.63     Holt and Malcolm 1979 


Rainbow trout (129 mm), 


Oncorhynchus mykiss 


Phosphoric acid, 


Diammonium 


salt 


4 d F,U 7 15 207.5 207.5     Blahm 1978 


Rainbow trout (1.7-1.9 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,U 7.4 14.5 20.03 31.47     Calamari et al. 1981 


Rainbow trout, 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,U 7.4 14.5 46.31 72.77     Calamari et al. 1981 


Rainbow trout (8-10 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,U 7.4 14.5 55.07 86.53     Calamari et al. 1981 


Rainbow trout (129 mm), 


Oncorhynchus mykiss 


Phosphoric acid, 


Diammonium 


salt 


4 d F,U 8 15 70 300.5     Blahm 1978 


Rainbow trout (10.9 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.7 3.6 38.52 96.27     


West 1985; Arthur et al. 


1987 


Rainbow trout (14.0 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.7 9.8 55.15 137.8     


West 1985; Arthur et al. 


1987 
Rainbow trout (22.4 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.9 16.2 15.23 54.24     


West 1985; Arthur et al. 


1987 
Rainbow trout (10.3 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.9 11.3 30.15 107.4     


West 1985; Arthur et al. 


1987 
Rainbow trout (3.3 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 8.3 18.7 12.75 97.57     


West 1985; Arthur et al. 


1987 







 


113 


 


Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Rainbow trout (53 mm, 1.48 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.95 10 35.14 137.3     


Broderius and Smith Jr. 


1979 


Rainbow trout (stage 8), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.4 14.4 40.99 64.40     Calamari et al. 1977 


Rainbow trout, 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 8.05 14 22.9 108.1     DeGraeve et al. 1980 


Rainbow trout (45 mm, 0.86 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 8.16 14.2 23.39 136.4     


Reinbold and Pescitelli 


1982b 


Rainbow trout 


(119 mm, 20.6 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 8.28 12.8 15.4 113.4     


Reinbold and Pescitelli 


1982b 


Rainbow trout 


(115 mm, 18.1 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 8.34 5 17.32 143.3     


Reinbold and Pescitelli 


1982b 


Rainbow trout (42 mm, 0.61 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 8.43 3 11.86 116.8     


Reinbold and Pescitelli 


1982b 


Rainbow trout (52 mm, 1.47 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 8.5 14.9 10.09 113.7     


Reinbold and Pescitelli 


1982b 


Rainbow trout (44 mm, 0.76 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 8.6 3.3 15.27 207.9     


Reinbold and Pescitelli 


1982b 


Rainbow trout (6.3 g, 8.1 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.44 12.8 32.49 54.00     Thurston and Russo 1983 


Rainbow trout (8.0 g, 8.9 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.5 14.5 24.2 43.91     Thurston and Russo 1983 


Rainbow trout 


(29.8 g, 13.1 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.59 12.7 32.62 68.03     Thurston and Russo 1983 


Rainbow trout 


(28.0 g, 13.1 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.6 13 23.8 50.43     Thurston and Russo 1983 


Rainbow trout 


(24.5 g, 12.7 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.6 12.9 25.14 53.27     Thurston and Russo 1983 


Rainbow trout 


(2596 g, 57.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.62 7.9 20.53 44.93f     Thurston and Russo 1983 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Rainbow trout  


(15.1 g, 10.7 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.62 14.4 28.62 62.64     Thurston and Russo 1983 


Rainbow trout 


(29.6 g, 13.3 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.63 12.9 25.65 57.06     Thurston and Russo 1983 


Rainbow trout 


(1496 g, 48.5 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.64 9.8 25.82 58.38f     Thurston and Russo 1983 


Rainbow trout 


(18.9 g, 11.6 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.64 13.1 29.28 66.21     Thurston and Russo 1983 


Rainbow trout 


(558 g, 37.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.64 10 31.85 72.02     Thurston and Russo 1983 


Rainbow trout 


(1698 g, 50.9 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.65 9.8 19.46 44.73f     Thurston and Russo 1983 


Rainbow trout 


(22.8 g, 12.3 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.65 13.2 28.64 65.84     Thurston and Russo 1983 


Rainbow trout 


(12.3 g, 10.2 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.65 14.3 29.02 66.71     Thurston and Russo 1983 


Rainbow trout 


(513 g, 35.9 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.66 9.8 25.95 60.65     Thurston and Russo 1983 


Rainbow trout 


(22.6 g, 12.3 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.66 13.6 28.27 66.07     Thurston and Russo 1983 


Rainbow trout 


(26.0 g, 13.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.66 12.8 33.97 79.39     Thurston and Russo 1983 


Rainbow trout 


(14.8 g, 10.5 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.67 14 27.3 64.87     Thurston and Russo 1983 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Rainbow trout 


(38.0 g, 14.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.68 13 33.15 80.11     Thurston and Russo 1983 


Rainbow trout 


(1122 g, 45.6 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.69 10.4 17.75 43.62f     Thurston and Russo 1983 


Rainbow trout 


(1140 g, 46.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.69 10.7 20.18 49.59f     Thurston and Russo 1983 


Rainbow trout 


(152 g, 23.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.69 10.7 25.62 62.96     Thurston and Russo 1983 


Rainbow trout 


(23.6 g, 13.2 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.69 13.4 27.51 67.60     Thurston and Russo 1983 


Rainbow trout (9.5 g, 9.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.9 12.7 20.03 71.36     Thurston and Russo 1983 


Rainbow trout (4.3 g, 7.1 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.71 11.5 30.22 76.83     Thurston and Russo 1983 


Rainbow trout (4.0 g, 7.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.71 11.4 32.02 81.40     Thurston and Russo 1983 


Rainbow trout 


(248 g, 25.2 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.74 10.4 25.76 68.95     Thurston and Russo 1983 


Rainbow trout 


(25.8 g, 13.6 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.75 11.8 31.53 85.87     Thurston and Russo 1983 


Rainbow trout (8.1 g, 9.3 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.75 12.3 33.94 92.43     Thurston and Russo 1983 


Rainbow trout 


(380 g, 32.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.76 10 22.44 62.19     Thurston and Russo 1983 


Rainbow trout 


(42.0 g, 16.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.77 13.6 31.81 89.71     Thurston and Russo 1983 







 


116 


 


Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Rainbow trout (1.7 g, 5.7 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.79 12.4 41.97 122.6     Thurston and Russo 1983 


Rainbow trout 


(11.2 g, 10.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.8 9.7 23.65 70.32     Thurston and Russo 1983 


Rainbow trout (5.7 g, 8.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.8 13.3 42.02 124.9     Thurston and Russo 1983 


Rainbow trout (2.3 g, 6.1 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.8 12.4 47.87 142.3     Thurston and Russo 1983 


Rainbow trout (8.0 g, 9.5 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.82 13.2 33.67 103.7     Thurston and Russo 1983 


Rainbow trout (4.6 g, 7.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.83 13.5 33.55 105.2     Thurston and Russo 1983 


Rainbow trout (6.7 g, 8.6 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.84 12.2 24.54 78.38     Thurston and Russo 1983 


Rainbow trout (9.0 g, 9.3 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.84 12.9 32.3 103.2     Thurston and Russo 1983 


Rainbow trout (1.8 g, 5.7 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.84 13.8 33.09 105.7     Thurston and Russo 1983 


Rainbow trout (4.3 g, 7.1 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.84 13 38.69 123.6     Thurston and Russo 1983 


Rainbow trout (0.47 g, 4.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.85 12.5 29.77 96.81     Thurston and Russo 1983 


Rainbow trout (2.5 g, 6.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.85 13.1 31.55 102.6     Thurston and Russo 1983 


Rainbow trout (0.61 g, 4.3 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.85 13.1 33.59 109.2     Thurston and Russo 1983 


Rainbow trout (1.02 g, 4.9 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.85 12.3 33.99 110.5     Thurston and Russo 1983 


Rainbow trout (9.4 g, 9.6 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.85 16.1 34.17 111.1     Thurston and Russo 1983 


Rainbow trout (0.33 g, 3.6 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.86 13 20.7 68.55     Thurston and Russo 1983 


Rainbow trout (0.33 g, 3.6 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.86 13.4 23.71 78.52     Thurston and Russo 1983 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Rainbow trout (0.47 g, 4.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.86 12.7 28.77 95.27     Thurston and Russo 1983 


Rainbow trout (1.7 g, 5.8 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.86 14.1 34.95 115.7     Thurston and Russo 1983 


Rainbow trout 


(48.6 g, 15.2 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.86 10.2 35.31 116.9     Thurston and Russo 1983 


Rainbow trout (0.15 g, 2.7 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.87 12.9 16.81 56.69     Thurston and Russo 1983 


Rainbow trout (0.18 g, 2.9 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.87 12.9 18.99 64.04     Thurston and Russo 1983 


Rainbow trout (0.23 g, 3.2 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.87 13.1 19.08 64.34     Thurston and Russo 1983 


Rainbow trout (7.0 g, 8.8 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.87 12.2 20.02 67.51     Thurston and Russo 1983 


Rainbow trout (0.18 g, 2.9 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.87 13 21.15 71.32     Thurston and Russo 1983 


Rainbow trout (2.6 g, 6.2 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.87 12.1 31.8 107.2     Thurston and Russo 1983 


Rainbow trout (11.1 g, 9.9 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.87 13 34.32 115.7     Thurston and Russo 1983 


Rainbow trout (0.12 g, 2.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.88 12.8 11.07 38.02     Thurston and Russo 1983 


Rainbow trout (0.14 g, 2.6 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.88 12.9 15.91 54.64     Thurston and Russo 1983 


Rainbow trout (0.23 g, 3.2 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.88 13.4 19.43 66.73     Thurston and Russo 1983 


Rainbow trout 


(52.1 g, 15.5 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.88 10 28.6 98.22     Thurston and Russo 1983 


Rainbow trout (1.8 g, 5.9 cm), 


Oncorhynchus mykiss 


Ammonium 


sulfate 
4 d F,M 7.89 12.4 36.73 128.5     Thurston and Russo 1983 


Rainbow trout (0.06 g, 1.7 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.9 13.4 19.44 69.26     Thurston and Russo 1983 


Rainbow trout (0.06 g, 1.7 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.7 13.9 28.54 71.33     Thurston and Russo 1983 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Rainbow trout (7.9 g, 9.2 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.9 11.9 22.65 80.69     Thurston and Russo 1983 


Rainbow trout (9.7 g, 9.7 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.9 13 35.75 127.4     Thurston and Russo 1983 


Rainbow trout (9.3 g, 9.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.9 13 37.41 133.3     Thurston and Russo 1983 


Rainbow trout (0.08 g, 2.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.91 13.1 12.68 46.01     Thurston and Russo 1983 


Rainbow trout (0.06 g, 1.7 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.91 13 20.99 76.17     Thurston and Russo 1983 


Rainbow trout (7.1 g, 8.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.91 19 25.36 92.03     Thurston and Russo 1983 


Rainbow trout (10.1 g, 9.8 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.91 19.1 26.44 95.95     Thurston and Russo 1983 


Rainbow trout (1.7 g, 5.8 cm), 


Oncorhynchus mykiss 


Phosphoric acid, 


Diammonium 


salt 


4 d F,M 7.94 12.8 26.49 101.6     Thurston and Russo 1983 


Rainbow trout (2.1 g, 6.2 cm), 


Oncorhynchus mykiss 


Ammonium 


sulfate 
4 d F,M 7.94 12.5 39.25 150.6     Thurston and Russo 1983 


Rainbow trout (0.15 g, 2.7 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.95 12.5 19.75 77.19     Thurston and Russo 1983 


Rainbow trout (8.6 g, 8.9 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.96 19.2 23.21 92.42     Thurston and Russo 1983 


Rainbow trout (2.1 g, 6.2 cm), 


Oncorhynchus mykiss 


Phosphoric acid, 


Diammonium 


salt 


4 d F,M 7.98 12.5 27.02 111.7     Thurston and Russo 1983 


Rainbow trout (1.01 g, 4.6 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 8.06 13.2 33.64 161.8     Thurston and Russo 1983 


Rainbow trout (0.36 g, 3.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 8.08 12.8 23.05 115.2     Thurston and Russo 1983 


Rainbow trout (1.7 g, 5.9 cm), 


Oncorhynchus mykiss 


Ammonium 


bicarbonate 
4 d F,M 8.1 13.9 18.14 94.23     Thurston and Russo 1983 


Rainbow trout (1.8 g, 5.8 cm), 


Oncorhynchus mykiss 


Ammonium 


bicarbonate 
4 d F,M 8.12 13.6 17.34 93.61     Thurston and Russo 1983 


Rainbow trout (2596 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.62 7.9 21.6 47.27     Thurston et al. 1981a 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Rainbow trout (2080 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.67 7.7 17 40.40     Thurston et al. 1981a 


Rainbow trout (293 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.71 8.5 20.7 52.62     Thurston et al. 1981a 


Rainbow trout (230 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.72 8.2 10.5 27.15     Thurston et al. 1981a 


Rainbow trout (244 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.72 8.1 19.8 51.20     Thurston et al. 1981a 


Rainbow trout (230 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.74 8.3 22.3 59.69     Thurston et al. 1981a 


Rainbow trout (247 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.74 8.1 28 74.94     Thurston et al. 1981a 


Rainbow trout (18 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.86 9.6 19.3 63.91     Thurston et al. 1981a 


Rainbow trout (21 g), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.86 9.7 31.6 104.6     Thurston et al. 1981a 


Rainbow trout (4.6 g, 7.3 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.75 12.7 32.09 87.39     Thurston et al. 1981b 


Rainbow trout (5.7 g, 8.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.75 12.5 36.97 100.7     Thurston et al. 1981b 


Rainbow trout (5.0 g, 7.6 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.76 12.5 39.08 108.3     Thurston et al. 1981b 


Rainbow trout (5.7 g, 8.0 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.79 12.9 40.88 119.4     Thurston et al. 1981b 


Rainbow trout (4.0 g, 7.2 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.83 12.8 36.49 114.5     Thurston et al. 1981b 


Rainbow trout (9.5 g, 9.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 6.51 14.1 157.4 116.8     Thurston et al. 1981c 


Rainbow trout (9.5 g, 9.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 6.8 14.1 94.05 80.83     Thurston et al. 1981c 


Rainbow trout (9.5 g, 9.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.3 14 74.2 102.2     Thurston et al. 1981c 


Rainbow trout (9.5 g, 9.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 8.29 14.1 13.85 104.0     Thurston et al. 1981c 


Rainbow trout (9.5 g, 9.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 8.82 13.9 3.95 80.02     Thurston et al. 1981c 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Rainbow trout (9.5 g, 9.4 cm), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 9.01 14.5 2.51 69.50     Thurston et al. 1981c 


Rainbow trout (juvenile), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 7.2 10 174 212.6     Wicks and Randall  2002 


Rainbow trout 


(40.0 g; swimming fish), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 6.97 16.6 32.38 31.56     Wicks et al. 2002 


Rainbow trout 


(40.0 g; resting fish), 


Oncorhynchus mykiss 


Ammonium 


chloride 
4 d F,M 6.97 16.6 207 201.7 82.88   Wicks et al. 2002 


                      


Chinook salmon (1.0-7 g), 


Oncorhynchus tshawytscha 
Ammonia 4 d S,M 7.96 7 28.03 111.6     Servizi and Gordon 1990 


Chinook salmon 


(14.4 g, 11.9 cm), 


Oncorhynchus tshawytscha 


Ammonium 


chloride 
4 d F,U 7.87 13.5 18.47 62.29     Thurston and Meyn 1984 


Chinook salmon 


(15.3 g, 12.1 cm), 


Oncorhynchus tshawytscha 


Ammonium 


chloride 
4 d F,U 7.82 12.2 27.23 83.90     Thurston and Meyn 1984 


Chinook salmon 


(18.1 g, 12.7 cm), 


Oncorhynchus tshawytscha 


Ammonium 


chloride 
4 d F,U 7.84 12.3 24.74 79.02 82.39 99.15 Thurston and Meyn 1984 


                      


Topeka shiner (adult, 29 mo), 


Notropis topeka 


Ammonium 


chloride 
4 d F,M 7.85 24.6 21.40 69.59     Adelman et al. 2009 


Topeka shiner  


(juvenile, 16 mo), 


Notropis topeka 


Ammonium 


chloride 
4 d F,M 8.05 25.0 18.70 88.27     Adelman et al. 2009 


Topeka shiner 


(juvenile, 15 mo), 


Notropis topeka 


Ammonium 


chloride 
4 d F,M 8.09 13.2 28.90 147.3 96.72 96.72 Adelman et al. 2009 


                      


Leopard frog (embryo), 


Rana pipiens 


Ammonium 


chloride 
4 d F,M 8 20 31.04 133.3     Diamond et al. 1993 


Leopard frog (8 d), 


Rana pipiens 


Ammonium 


chloride 
4 d F,M 8 12 16.23 69.69 96.38 96.38 Diamond et al. 1993 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


                      


Long fingernailclam, 


Musculium transversum 


Ammonium 


chloride 
4 d F,M 8.1 14.6 32.83 109.0     


West 1985; Arthur et al. 


1987 


Long fingernailclam, 


Musculium transversum 


Ammonium 


chloride 
4 d F,M 8.2 5.4 38.18 71.74     


West 1985; Arthur et al. 


1987 
Long fingernailclam, 


Musculium transversum 


Ammonium 


chloride 
4 d F,M 8.6 20.5 6.429 91.24 89.36 89.36 


West 1985; Arthur et al. 


1987 
                      


Smallmouth bass 


(26-29 mm, 264-267 mg), 


Micropterus dolomieu 


Ammonium 


chloride 
4 d F,M 7.16 22.3 123.4 144.3     Broderius et al. 1985 


Smallmouth bass 


(26-29 mm, 264-267 mg), 


Micropterus dolomieu 


Ammonium 


chloride 
4 d F,M 6.53 22.3 359.9 269.2     Broderius et al. 1985 


Smallmouth bass 


(26-29 mm, 264-267 mg), 


Micropterus dolomieu 


Ammonium 


chloride 
4 d F,M 7.74 22.3 39.3 105.2     Broderius et al. 1985 


Smallmouth bass 


(26-29 mm, 264-267 mg), 


Micropterus dolomieu 


Ammonium 


chloride 
4 d F,M 8.71 22.3 7.56 126.0 150.6   Broderius et al. 1985 


                      


Largemouth bass 


(0.086-0.322 g), 


Micropterus salmoides 


Ammonium 


chloride 
4 d F,M 8.04 28 19.59 90.72     Roseboom and Richey 1977 


Largemouth bass 


(2.018-6.286 g), 


Micropterus salmoides 


Ammonium 


chloride 
4 d F,M 7.96 22 20.48 81.56 86.02   Roseboom and Richey 1977 


                      


Guadalupe bass (6.5 g), 


Micropterus treculii 


Ammonium 


chloride 
4 d S,M/ 8 22 12.7 54.52 54.52 89.06 


Tomasso and Carmichael 


1986 


                      


Great pond snail (25-30 mm), 


Lymnaea stagnalis 
 - 4 d F,M 7.9 11.5 50.33 88.62 88.62 88.62 Williams et al. 1986 


                      


Guppy (0.13 g, 2.03 cm), 


Poecilia reticulata 


Ammonium 


chloride 
4 d S,U 7.5 27.55 5.929 10.76     


Kumar and Krishnamoorthi 


1983 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Guppy (8.0 mm), 


Poecilia reticulata 
 - 4 d S,U 7.22 25 129.4 161.8     Rubin and Elmaraghy 1976 


Guppy (8.25(6.3-11.0) mm), 


Poecilia reticulata 
 - 4 d S,U 7.45 25 75.65 127.6     Rubin and Elmaraghy 1976 


Guppy (8.70(6.8-10.6) mm), 


Poecilia reticulata 
 - 4 d S,U 7.45 25 82.95 139.9 74.66 74.66 Rubin and Elmaraghy 1976 


                      


Johnny darter (38 mm), 


Etheostoma nigrum 


Ammonium 


chloride 
4 d F,M 7.9 20.6 28.9 103.0     Nimmo et al. 1989 


Johnny darter (38 mm), 


Etheostoma nigrum 


Ammonium 


chloride 
4 d F,M 8 20.1 24.61 105.7     Nimmo et al. 1989 


Johnny darter (38 mm), 


Etheostoma nigrum 


Ammonium 


chloride 
4 d F,M 8.2 6.2 6.937 43.72     Nimmo et al. 1989 


Johnny darter (38 mm), 


Etheostoma nigrum 


Ammonium 


chloride 
4 d F,M 8.1 5.8 11.47 59.57     Nimmo et al. 1989 


Johnny darter (38 mm), 


Etheostoma nigrum 


Ammonium 


chloride 
4 d F,M 8.1 5.8 13.46 69.93     Nimmo et al. 1989 


Johnny darter (38 mm), 


Etheostoma nigrum 


Ammonium 


chloride 
4 d F,M 8 20.1 15.63 67.08 71.45   Nimmo et al. 1989 


                      


Orangethroat darter, 


Etheostoma spectabile 


Ammonium 


chloride 
4 d F,M 8.1 22 16.12 83.74     Hazel et al. 1979 


Orangethroat darter, 


Etheostoma spectabile 


Ammonium 


chloride 
4 d F,M 8.4 21 7.65 71.12 77.17 74.25 Hazel et al. 1979 


                      


Rio Grande silvery minnow 


(3-5 d old), 


Hybognathus amarus 


Ammonium 


chloride 
4 d R,M 8 25 16.9 72.55 72.55 72.55 Buhl 2002 


                      


Spring peeper (embryo), 


Pseudacris crucifer 


Ammonium 


chloride 
4 d F,U 8 12 17.78 76.33     Diamond et al. 1993 


Spring peeper, 


Pseudacris crucifer 


Ammonium 


chloride 
4 d F,U 8 20 11.42 49.04 61.18   Diamond et al. 1993 


                      


Pacific tree frog (embryo), 


Pseudacris regilla 


Ammonium 


nitrate 
4 d R,M 6.7 22 41.19 33.36     


Schuytema and Nebeker 


1999a 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Pacific tree frog (embryo), 


Pseudacris regilla 


Ammonium 


chloride 
4 d R,M 6.7 22 60.44 48.95     


Schuytema and Nebeker 


1999a 


Pacific tree frog (embryo), 


Pseudacris regilla 


Ammonium 


sulfate 
4 d R,M 6.7 22 103.1 83.53     


Schuytema and Nebeker 


1999a 


Pacific tree frog 


(90 mg, Gosner Stage 26-27), 


Pseudacris regilla 


Nitric acid 


ammonium salt 
4 d R,M 7.3 22 136.6 188.1     


Schuytema and Nebeker 


1999b 


Pacific tree frog 


(60 mg, Gosner Stage 26-27), 


Pseudacris regilla 


Ammonium 


sulfate 
4 d R,M 7.3 22 116.4 160.2 83.71 71.56 


Schuytema and Nebeker 


1999b 


                      


Mucket (glochidia), 


Actinonaias ligamentina 


Ammonium 


chloride 
1 d S,M 8.6 20 6.141c 83.61     Wang et al. 2007b 


Mucket (glochidia), 


Actinonaias ligamentina 


Ammonium 


chloride 
1 d S,M 8.4 20 8.099 c 75.29     Wang et al. 2007b 


Mucket (glochidia), 


Actinonaias ligamentina 


Ammonium 


chloride 
1 d S,M 8.3 20 5.073 c 38.84     Wang et al. 2007b 


Mucket (glochidia), 


Actinonaias ligamentina 


Ammonium 


chloride 
1 d S,M 8.3 20 8.900 c 68.13 63.89   Wang et al. 2007b 


                      


Pheasantshell (juvenile), 


Actinonaias pectorosa 


Ammonium 


chloride 
4 d S,M 7.9 25 14.06 75.80     Keller 2000 


Pheasantshell (juvenile), 


Actinonaias pectorosa 


Ammonium 


chloride 
4 d S,M 7.95 25 14.08 83.30 79.46 71.25 Keller 2000 


                      


Giant floater mussel (adult), 


Pyganodon grandis 


Ammonium 


chloride 
4 d S,M 7.71 25 18.84 72.49     Scheller 1997 


Giant floater mussel (adult), 


Pyganodon grandis 


Ammonium 


chloride 
4 d S,M 7.5 25 25.13 69.02 70.73 70.73 Scheller 1997 


                      


Shortnose sucker (0.53-2.00 g), 


Chasmistes brevirostris 


Ammonium 


chloride 
4 d F,M 8 20 11.42 49.04     Saiki et al. 1999 


Shortnose sucker, 


Chasmistes brevirostris 


Ammonium 


chloride 
4 d F,M 8 20 22.85 98.09 69.36 69.36 Saiki et al. 1999 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Pagoda hornsnail (adult), 


Pleurocera uncialis 


Ammonium 


chloride 
4 d R,M 8.1 22 11.18 68.54 68.54 68.54 Goudreau et al. 1993 


                      


Golden shiner, 


Notemigonus crysoleucas 


Ammonium 


chloride 
4 d S,M 7.5 19.6 89.61 162.6     EA Engineering 1985 


Golden shiner, 


Notemigonus crysoleucas 


Ammonium 


chloride 
4 d S,M 7.55 19.5 73.85 144.6     EA Engineering 1985 


Golden shiner (8.7 g), 


Notemigonus crysoleucas 


Ammonium 


chloride 
4 d F,M 7.5 24.5 34.73 63.02 63.02 63.02 Swigert and Spacie 1983 


                      


Pebblesnail (1.8 mm), 


Fluminicola sp. 


Ammonium 


chloride 
4 d F,M 8.25 20.2 >8.801 >62.15 >62.15 >62.15 Besser 2011 


                      


Lost River sucker (0.49-0.80 g), 


Deltistes luxatus 


Ammonium 


chloride 
4 d F,M 8 20 16.81 72.18     Saiki et al. 1999 


Lost River sucker (larvae), 


Deltistes luxatus 


Ammonium 


chloride 
4 d F,M 8 20 10.35 44.42 56.62 56.62 Saiki et al. 1999 


                      


Mountain whitefish 


(177 g, 27.0 cm), 


Prosopium williamsoni 


Ammonium 


chloride 
4 d F,U 7.68 12.1 11.3 27.31     Thurston and Meyn 1984 


Mountain whitefish 


(56.9 g, 19.1 cm), 


Prosopium williamsoni 


Ammonium 


chloride 
4 d F,U 7.84 12.4 25.47 81.35     Thurston and Meyn 1984 


Mountain whitefish 


(63.0 g, 20.4 cm), 


Prosopium williamsoni 


Ammonium 


chloride 
4 d F,U 7.8 12.3 21.2 63.04 51.93 51.93 Thurston and Meyn 1984 


                      


Atlantic pigtoe (glochidia), 


Fusconaia masoni 


Ammonium 


chloride 
6 h S,M 7.6 24.9 15.9 47.40 47.40 47.40 Black 2001 


                      


Pondshell mussel (juvenile), 


Utterbackia imbecillis 


Ammonium 


chloride 
4 d S,M 7.9 24 8.235 40.87     Keller 2000 


Pondshell mussel (juvenile), 


Utterbackia imbecillis 


Ammonium 


chloride 
4 d S,M 8.35 25 3.269 41.75     Keller 2000 
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Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Pondshell mussel (juvenile), 


Utterbackia imbecillis 


Ammonium 


chloride 
4 d S,M 7.9 25 9.355 50.45     Keller 2000 


Pondshell mussel  


(8 d old juvenile), 


Utterbackia imbecillis 


Ammonium 


chloride 
4 d R,M 7.8 24 14.29 59.19     Wade et al. 1992 


Pondshell mussel  


(<2 d old juvenile), 


Utterbackia imbecillis 


Ammonium 


chloride 
4 d R,M 8.16 25 5.254 46.38     Black 2001 


Pondshell mussel  


(<2 d old juvenile), 


Utterbackia imbecillis 


Ammonium 


chloride 
4 d R,M 8.17 25 5.781 52.03     Black 2001 


Pondshell mussel  


(<2 d old juvenile), 


Utterbackia imbecillis 


Ammonium 


chloride 
4 d R,M 8.29 25 8.845 100.5     Black 2001 


Pondshell mussel  


(<2 d old juvenile), 


Utterbackia imbecillis 


Ammonium 


chloride 
4 d R,M 8 25.1 2.734 17.91     Black 2001 


Pondshell mussel (glochidia), 


Utterbackia imbecillis 


Ammonium 


chloride 
1 d S,M 8.02 25 7.395 49.90 46.93 46.93 Black 2001 


                      


Pink mucket  


(2 mo old juvenile), 


Lampsilis abrupta 


Ammonium 


chloride 
4 d R,M 8.3 20 1.921d 14.71     Wang et al. 2007b 


Pink mucket  


(2 mo old juvenile), 


Lampsilis abrupta 


Ammonium 


chloride 
4 d F,M 8.4 20 2.8 26.03 26.03   Wang et al. 2007a 


                      


Plain pocketbook  


(3-5 d old juvenile), 


Lampsilis cardium 


Ammonium 


chloride 
4 d S,M 8.2 20.5 23.50e 154.4     Newton et al. 2003 


Plain pocketbook  


(3-5 d old juvenile), 


Lampsilis cardium 


Ammonium 


chloride 
4 d S,M 8.2 21.2 23.70e 165.0     Newton et al. 2003 


Plain pocketbook   


(1-2 d old juvenile), 


Lampsilis cardium 


Ammonium 


chloride 
4 d F,M 7.6 21.2 23.1 54.07     Newton and Bartsch 2007 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Plain pocketbook  


(1-2 d old juvenile), 


Lampsilis cardium 


Ammonium 


chloride 
4 d F,M 7.1 21.2 38.9 47.19 50.51   Newton and Bartsch 2007 


                      


Wavy-rayed lampmussel  


(2-5 d old juvenile), 


Lampsilis fasciola 


Ammonium 


chloride 
4 d R,M 7.83 12.6 14.9 25.31     Mummert et al.  2003 


Wavy-rayed lampmussel  


(<5 d old juvenile), 


Lampsilis fasciola 


Ammonium 


chloride 
4 d R,M 8.5 20 6.179d 69.63     Wang et al. 2007b 


Wavy-rayed lampmussel 


(glochidia), 


Lampsilis fasciola 


Ammonium 


chloride 
1 d S,M 8.3 20 7.743 c 59.28     Wang et al. 2007b 


Wavy-rayed lampmussel 


(glochidia), 


Lampsilis fasciola 


Ammonium 


chloride 
1 d S,M 8.4 20 5.518 c 51.30 48.11   Wang et al. 2007b 


                      


Higgin's eye  


(1-2 d old juvenile), 


Lampsilis higginsii 


Ammonium 


chloride 
4 d F,M 7.6 21.2 19.5 45.64     Newton and Bartsch 2007 


Higgin's eye  


(1-2 d old juvenile), 


Lampsilis higginsii 


Ammonium 


chloride 
4 d F,M 7.1 21.2 31.7 38.46 41.90   Newton and Bartsch 2007 


                      


Neosho mucket  


(<5 d old juvenile), 


Lampsilis rafinesqueana 


Ammonium 


chloride 
4 d R,M 8.3 20 9.185d 70.31     Wang et al. 2007b 


Neosho mucket  


(<5 d old juvenile), 


Lampsilis rafinesqueana 


Ammonium 


chloride 
4 d R,M 8.4 20 9.269d 86.17     Wang et al. 2007b 


Neosho mucket (glochidia), 


Lampsilis rafinesqueana 


Ammonium 


chloride 
1 d S,M 8.3 20 7.387 c 56.55 69.97   Wang et al. 2007b 


                      


Fatmucket (juvenile), 


Lampsilis siliquoidea 


Ammonium 


chloride 
4 d S,M 8.3 24 1.275 13.60     Myers-Kinzie 1998 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Fatmucket (3 mo old juvenile), 


Lampsilis siliquoidea 


Ammonium 


chloride, 


ammonium 


hydroxide 


4 d F,M 8.35 20 8.80 74.25     Miao et al. 2010 


Fatmucket (2 mo old juvenile), 


Lampsilis siliquoidea 


Ammonium 


chloride 
4 d R,M 8.1 20 4.092d 21.26     Wang et al. 2007b 


Fatmucket (2 mo old juvenile), 


Lampsilis siliquoidea 


Ammonium 


chloride 
4 d F,M 8.2 20 4.6 28.99     Wang et al. 2007a 


Fatmucket (7 d old juvenile), 


Lampsilis siliquoidea 


Ammonium 


chloride, 


ammonium 


hydroxide 


4 d F,M 7.6 20.5 11 24.30     Wang et al. 2008 


Fatmucket (7 d old juvenile), 


Lampsilis siliquoidea 


Ammonium 


chloride, 


ammonium 


hydroxide 


4 d F,M 8.1 20.6 5.2 28.39     Wang et al. 2008 


Fatmucket (7 d old juvenile), 


Lampsilis siliquoidea 


Ammonium 


chloride, 


ammonium 


hydroxide 


4 d F,M 8.5 20.6 3.4 40.27     Wang et al. 2008 


Fatmucket (7 d old juvenile), 


Lampsilis siliquoidea 


Ammonium 


chloride, 


ammonium 


hydroxide 


4 d F,M 9 20.6 0.96 27.51     Wang et al. 2008 


Fatmucket (7 d old juvenile), 


Lampsilis siliquoidea 


Ammonium 


chloride, 


ammonium 


hydroxide 


4 d F,M 6.6 19.6 88 65.59     Wang et al. 2008 


Fatmucket (7 d old juvenile), 


Lampsilis siliquoidea 


Ammonium 


chloride, 


ammonium 


hydroxide 


4 d F,M 8.1 19.4 11 54.37     Wang et al. 2008 


Fatmucket (<5 d old juvenile), 


Lampsilis siliquoidea 


Ammonium 


chloride 
4 d R,M 8.5 20 8.350d 94.09     Wang et al. 2007b 


Fatmucket (glochidia), 


Lampsilis siliquoidea 


Ammonium 


chloride 
1 d S,M 8.4 20 9.790 c 91.01     Wang et al. 2007b 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Fatmucket (glochidia), 


Lampsilis siliquoidea 


Ammonium 


chloride 
1 d S,M 8.2 20 13.35 c 84.14     Wang et al. 2007b 


Fatmucket (glochidia), 


Lampsilis siliquoidea 


Ammonium 


chloride 
1 d S,M 8.4 20 11.57 c 107.6     Wang et al. 2007b 


Fatmucket (glochidia), 


Lampsilis siliquoidea 


Ammonium 


chloride 
1 d S,M 8.5 20 >14.24 c 160.5     Wang et al. 2007b 


Fatmucket (glochidia), 


Lampsilis siliquoidea 


Ammonium 


chloride 
1 d S,M 8.3 20 6.497 c 49.74     Wang et al. 2007b 


Fatmucket (glochidia), 


Lampsilis siliquoidea 


Ammonium 


chloride 
1 d S,M 8.3 20 8.772 c 66.77 55.42 46.63 Wang et al. 2007b 


                      


Rainbow mussel  


(2 mo old juvenile), 


Villosa iris 


Ammonium 


chloride 
4 d R,M 8.4 20 2.505d 23.29     Wang et al. 2007b 


Rainbow mussel  


(2 mo old juvenile), 


Villosa iris 


Ammonium 


chloride 
4 d R,M 8.3 20 8.935d 68.40     Wang et al. 2007b 


Rainbow mussel  


(5 d old juvenile), 


Villosa iris 


Ammonium 


chloride 
4 d S,M 8.18 25 7.81 71.66     Scheller 1997 


Rainbow mussel  


(<5 d old juvenile), 


Villosa iris 


Ammonium 


chloride 
4 d R,M 8.1 20 5.261d 27.33     Wang et al. 2007b 


Rainbow mussel  


(2-5 d old juvenile), 


Villosa iris 


Ammonium 


chloride 
4 d R,M 7.29 12.6 20.6 15.17     Mummert et al. 2003 


Rainbow mussel  


(<3 d old juvenile), 


Villosa iris 


Ammonium 


chloride 
4 d S,M 8.18 25 7.07 64.87     Scheller 1997 


Rainbow mussel  


(< 24 h old glochidia), 


Villosa iris 


Ammonium 


chloride 
1 d S,M 7.94 20.0 3.290 12.62 


  
Scheller 1997 


Rainbow mussel (glochidia), 


Villosa iris 


Ammonium 


chloride 
1 d S,M 8.4 20 10.68 c 99.28 


  
Wang et al. 2007b 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 


Species Chemical Name Duration Methodsa pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Total Ammoniab 


(mg TAN/L) 


adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


SMAV 


(mg 


TAN/L) 


GMAV 


(mg 


TAN/L) Reference 


Rainbow mussel  


(<1 h old glochidia), 


Villosa iris 


Ammonium 


chloride 
1 d R,M 8.1 22 3.570 21.89 


  
Goudreau et al. 1993 


Rainbow mussel  


(<1 h old glochidia), 


Villosa iris 


Ammonium 


chloride 
1 d R,M 8.1 22 4.278 26.23 34.23 34.23 Goudreau et al. 1993 


                      


Oyster mussel  


(<5 d old juvenile), 


Epioblasma capsaeformis 


Ammonium 


chloride 
4 d R,M 8.5 20 4.760d 53.63     Wang et al. 2007b 


Oyster mussel (glochidia), 


Epioblasma capsaeformis 


Ammonium 


chloride 
6 h R,M 8.5 20 5.0 c 17.81     Wang et al. 2007b 


Oyster mussel (glochidia), 


Epioblasma capsaeformis 


Ammonium 


chloride 
6 h R,M 8.5 20 3.4 c 31.61 31.14 31.14 Wang et al. 2007b 


                      


Green floater (<2 d old 


juvenile), 


Lasmigona subviridis 


Ammonium 


chloride 
4 d R,M 7.73 24 6.613 24.24     Black 2001 


Green floater (<2 d old 


juvenile), 


Lasmigona subviridis 


Ammonium 


chloride 
4 d R,M 7.73 24 6.613 24.24     Black 2001 


Green floater (<2 d old 


juvenile), 


Lasmigona subviridis 


Ammonium 


chloride 
4 d R,M 7.92 24.8 3.969 21.84 23.41 23.41 Black 2001 


                      


Ellipse (glochidia), 


Venustaconcha ellipsiformis 


Ammonium 


chloride 
1 d S,M 8.1 20 4.550 c 23.12 23.12 23.12 Wang et al. 2007b 


 


a S = static, R = renewal, F = flow-through, and NR= not reported (uncertain) exposure types; M = measured and U = unmeasured tests. 


b Acute values are normalized to pH 7 (all organisms) and temperature 20°C (invertebrates) as per the equations provided in this document (see also 1999 AWQC document for the basis of 


the pH- and temperature-dependence of ammonia toxicity and Appendix D for an example calculation). 
c The EC50s reported in this study were based on nominal concentrations.  Percent nominal concentrations of measured ammonia concentrations on exposure days 0 and 2 declined from 104 


to 44.  EC50s based on measured concentrations were estimated from the reported EC50s based on nominal concentrations by multiplying by 0.890 for the 24 hr test; this factor is the average 


of the percent nominal concentrations of measured concentrations from ammonia measurements made on exposure day 0 (i.e., 104) and estimated for day 1 (i.e, 74) of the study. 







 


130 


 


d The EC50s reported in this study were based on nominal concentrations.  Percent nominal concentrations of measured ammonia concentrations on exposure days 0 and 4 declined from 104 


to 63.  EC50s based on measured concentrations were estimated from the reported EC50s based on nominal concentrations by multiplying by 0.835 or the average of the percent nominal 


concentrations of measured concentrations from ammonia measurements made on exposure days 0 and 4 in the study.  
e EC50 values based on sediment porewater concentrations.  Note: these EC50s were not used to calculate the SMAV for the species. 
f This small subset of LC50s for adult rainbow trout from Thurston and Russo (1983) was used as the basis for the FAV calculated in the 1999 AWQC document. The FAV in the 1999 


AWQC document of 11.23 mg TAN/L at pH 8 was lowered to the geometric mean of these five LC50 values at the time in order to protect large rainbow trout, which were shown to be 


measurably more sensitive than other life stages.  The FAV prior to adjusting it to protect the commercially and recreationally important adult rainbow trout was calculated to be 14.32 mg 


TAN/L (CMC = 7.2 mg TAN/L) at pH 8.  This FAV based on protection of adult rainbow trout at pH 7 is 48.21 mg TAN/L (see Table 7 in this document). Because several equivalent LC50s 


representing different ages and life-stages have been added to the current (updated) acute criteria dataset, it no longer seems appropriate to lower the SMAV for rainbow trout based on only 


these five LC50s considering the several other additional acute values which now exist.  


Note: Each SMAV was calculated from the associated bold-face number(s) in the preceding column. 
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Appendix B.  Chronic Toxicity of Ammonia to Aquatic Animals. 


 
Appendix B.  Chronic Toxicity of Ammonia to Aquatic Animals 


Species Test and Effect pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Chronic valuea 


Adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


(mg TAN/L) 


SMCV 


(mg 


TAN/L) 


GMCV 


(mg 


TAN/L) Reference 


Stonefly, 


Pteronarcella badia 
30-d Juv Survival 8.04 12.1 133.8 207.0     Thurston et al. 1984b 


Stonefly, 


Pteronarcella badia 
24-d Juv Survival 7.81 13.2 21.66 26.27 73.74 73.74 Thurston et al. 1984b 


                  


Water flea, 


Ceriodaphnia acanthina 
7-d LC Reproduction 7.15 24.5 44.90 64.10 64.10   Mount 1982 


                  


Water flea, 


Ceriodaphnia dubia 
7-d LC Reproduction 7.80 25.0 15.20 38.96     Nimmo et al. 1989 


Water flea, 


Ceriodaphnia dubia 
7-d LC Reproduction 8.57 26.0 5.800 52.15 45.08 53.75 Willingham 1987 


                  


Water flea, 


Daphnia magna 
21-d LC Reproduction 8.45 19.8 7.370 36.27     Gersich et al. 1985 


Water flea, 


Daphnia magna 
21-d LC Reproduction 7.92 20.1 21.70 47.40 41.46 41.46 


Reinbold and Pescitelli 


1982a 


                  


Amphipod, 


Hyalella azteca 
28-d PLC Biomass 8.04 25.0 8.207 29.17 29.17 29.17 Borgmann 1994 


                  


Channel catfish, 


Ictalurus punctatus 
30-d ELS Weight 7.80 25.8 12.20 22.66     


Reinbold and Pescitelli 


1982a 


Channel catfish, 


Ictalurus punctatus 
30-d Juv Survival 8.35 27.9 5.020 21.15     


Colt and Tchobanoglous 


1978 


Channel catfish, 


Ictalurus punctatus 
30-d ELS Biomass 7.76 26.9 11.50 20.35 21.36 21.36 Swigert and Spacie 1983 


                  


Northern pike (fertilized), 


Esox lucius 
52-d ELS Biomass 7.62 8.70 13.44 20.38 20.38 20.38 Harrahy et al. 2004 


                  


Common carp (fertilized), 


Cyprinus carpio 
28-d ELS Weight 7.85 23.0 8.360 16.53 16.53 16.53 Mallet and Sims 1994 
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Appendix B.  Chronic Toxicity of Ammonia to Aquatic Animals 


Species Test and Effect pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Chronic valuea 


Adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


(mg TAN/L) 


SMCV 


(mg 


TAN/L) 


GMCV 


(mg 


TAN/L) Reference 


                  


Lahontan cutthroat trout (fertilized), 


Oncorhynchus clarkii henshawi 
103-d ELS Survival 7.57 13.7 17.89 25.83 25.83   Koch et al. 1980 


                  


Rainbow trout (fertilized), 


Oncorhynchus mykiss 
42-d ELS Survival 7.50 10.0 <33.6 <45.5     Burkhalter and Kaya 1977 


Rainbow trout, 


Oncorhynchus mykiss 
72-d ELS Survival 7.40 14.5 2.600 3.246     Calamari et al. 1977, 1981 


Rainbow trout (fertilized), 


Oncorhynchus mykiss 
73-d ELS Survival 7.52 14.9 <2.55 <3.515     Solbe and Shurben 1989 


Rainbow trout, 


Oncorhynchus mykiss 
5-year LC 7.70 


7.5-


10.5 
>6.71 >11.08     Thurston et al. 1984a 


Rainbow trout, 


Oncorhynchus mykiss 
90-d ELS Survival 7.75 11.4 8.919 15.60 6.663   Brinkman et al. 2009 


                  


Sockeye salmon, 


Oncorhynchus nerka 


62-d Embryos 


Hatchability 
8.42 10.0 <2.13 <10.09 10.09 12.02 Rankin 1979 


                  


White sucker (3 d old embryo), 


Catostomus commersonii 
30-d ELS Biomass 8.32 18.6 2.900 >11.62 11.62 11.62 


Reinbold and Pescitelli 


1982a 


                  


Smallmouth bass, 


Micropterus dolomieu 
32-d ELS Biomass 6.60 22.3 9.610 8.650     Broderius et al. 1985 


Smallmouth bass, 


Micropterus dolomieu 
32-d ELS Biomass 7.25 22.3 8.620 9.726     Broderius et al. 1985 


Smallmouth bass, 


Micropterus dolomieu 
32-d ELS Biomass 7.83 22.3 8.180 15.77     Broderius et al. 1985 


Smallmouth bass, 


Micropterus dolomieu 
32-d ELS Biomass 8.68 22.3 1.540 11.31 11.07 11.07 Broderius et al. 1985 


                  


Fathead minnow (embryo-larvae), 


Pimephales promelas 
28-d ELS Survival 8.00 24.8 5.120 12.43     Mayes et al. 1986 


Fathead minnow (embryo-larvae), 


Pimephales promelas 
32-d ELS Biomass 7.95 25.5 7.457 16.87     Adelman et al. 2009 


Fathead minnow, 


Pimephales promelas 
30-d ELS Biomass 7.82 25.1 3.730 7.101     Swigert and Spacie 1983 
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Appendix B.  Chronic Toxicity of Ammonia to Aquatic Animals 


Species Test and Effect pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Chronic valuea 


Adjusted to pH 7 


(all organisms) 


 and 20°C 


(invertebrates) 


(mg TAN/L) 


SMCV 


(mg 


TAN/L) 


GMCV 


(mg 


TAN/L) Reference 


Fathead minnow, 


Pimephales promelas 
LC Hatchability 8.00 24.2 1.970 4.784 9.187 9.187 Thurston et al. 1986 


                  


Pebblesnail (1.81 mm, juvenile), 


Fluminicola sp. 


28-d Juv Change in 


Length 
8.22 20.1 2.281 7.828 7.828 7.828 Besser 2011 


                  


Long fingernailclam, 


Musculium transversum 
42-d Juv Survival 8.15 23.5 5.820 22.21     Anderson et al. 1978 


Long fingernailclam, 


Musculium transversum 
42-d Juv Survival 7.80 21.8 1.230 2.565 7.547 7.547 Sparks and Sandusky 1981 


                  


Green sunfish, 


Lepomis cyanellus 
30-d ELS Biomass 7.90 22.0 5.610 11.85     McCormick et al. 1984 


Green sunfish, 


Lepomis cyanellus 
30-d ELS Survival 8.16 25.4 5.840 18.06 14.63   


Reinbold and Pescitelli 


1982a 


                  


Bluegill, 


Lepomis macrochirus 
30-d ELS Biomass 7.76 22.5 1.850 3.273 3.273 6.920 Smith et al. 1984 


                  


Rainbow mussel (2 mo old juvenile), 


Villosa iris 
28-d Juv Survival 8.20 20.0 1.063 3.501 3.501 3.501 Wang et al. 2007a 


                  


Fatmucket (2 mo old juvenile), 


Lampsilis siliquoidea 
28-d Juv Survival 8.25 20.0 0.8988 3.211 3.211 


 
Wang et al. 20011 


                  


Wavy-rayed lamp mussel  


(2 mo old juvenile), 


Lampsilis fasciola 


28-d Juv Survival 8.20 20.0 0.4272 1.408 1.408 2.126 Wang et al. 2007a 


 
a The chronic value is an EC20 value calculated using EPA’s TRAP (Versions 1.0 or 1.21a).  Note: all chronic values were normalized to pH 7 (all organisms) and 20°C 


(invertebrates) as per the equations provided in this document (see also 1999 AWQC document for the basis of the pH- and temperature-dependence of ammonia toxicity and 


Appendix E for an example calculation). 


 


Note: Each SMCV was calculated from the associated bold-face number(s) in the preceding column. 
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Appendix C.  Other Chronic Ammonia Toxicity Data. 


 


Appendix C.  Other Chronic Ammonia Toxicity Data 


Species Test and Effect Methoda pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Chronic value 


Adjusted to pH 7 


(all organisms) and 


20°C (invertebrates) 


(mg TAN/L) Reference 


FRESHWATER INVERTEBRATES 


Pulmonate pondsnail 


(<1 wk post hatch), 


Lymnaea stagnalis 


28-d NOEC - 


Growth 
F,M 8.25 20.1 >8.00 >28.76 Besser et al. 2009 


Pulmonate pondsnail 


(<1 wk post-hatch), 


Lymnaea stagnalis 


28-d NOEC - 


Survival 
F,M 8.25 20.1 >8.00 >28.76 Besser et al. 2009 


Idaho springsnail 


(7-9 and 11-13 wk post hatch juvenile), 


Pyrgulopsis idahoensis 


28-d NOEC - 


Growth 
F,M 8.25 20.1 >8.00 >28.76 Besser et al. 2009 


Idaho springsnail 


(7-9 and 11-13 wk post hatch juvenile), 


Pyrgulopsis idahoensis 


28-d EC20 - Survival F,M 8.25 20.1 0.480 1.726 Besser et al. 2009 


Idaho springsnail 


(mixed-aged, adults), 


Pyrgulopsis idahoensis 


28-d EC20 - Survival F,M 8.26 20.8 3.24 12.39b Besser et al. 2009 


Pebblesnail (mixed-aged, field collected), 


Fluminicola sp. 
28-d EC20 - Survival F,M 8.26 20.8 1.02 3.900c Besser et al. 2009 


Pebblesnail (small, field collected), 


Fluminicola sp. 


28-d MATC - 


Survival 
F,M 8.19 20.1 2.75 8.977d Besser 2011 


Ozark springsnail 


(mixed age, field collected), 


Fontigens aldrichi 


28-d EC20 - Survival F,M 8.26 20.8 0.61 2.332b Besser et al. 2009 


Bliss Rapids snail 


(mixed age, field collected), 


Taylorconcha serpenticola 


28-d EC20 - Survival F,M 8.26 20.8 3.42 13.08b Besser et al. 2009 
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Appendix C.  Other Chronic Ammonia Toxicity Data 


Species Test and Effect Methoda pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Chronic value 


Adjusted to pH 7 


(all organisms) and 


20°C (invertebrates) 


(mg TAN/L) Reference 


Silty hornsnail 


(mixed age, mature and field collected), 


Pleurocera canaliculata 


28-d EC20 - 


Survival;  


(Alt Effect Conc.) 


F,M 8.15 24.7 
0.45 


(≤1.86) 


1.845 


(≤7.667)b, e 
GLEC 2011 


Wavy-rayed lamp mussel 


(2 mo old juvenile), 


Lampsilis fasciola 


28-d IC25 - Growth F,M 8.20 20.0 0.5700 1.878 Wang et al. 2007a 


Fatmucket (2 mo old juvenile), 


Lampsilis siliquoidea 
28-d IC25 - Growth F,M 8.20 20.0 0.4400 1.450 Wang et al. 2007a 


Rainbow mussel (2 mo old juvenile), 


Villosa iris 
28-d IC25 - Growth F,M 8.20 20.0 0.7300 2.406 Wang et al. 2007a 


Water flea, (<24 hr), 


Ceriodaphnia dubia 


7-d;  


3 broods in control 


IC25 Reproduction 


R,U 7.90 25.0 1.300 3.790 Dwyer et al. 2005 


FRESHWATER VERTEBRATES 


Cutthroat trout (3.3 g), 


Oncorhynchus clarkii 
29-d LC50 F,M 7.80 12.4 21.60 40.11 Thurston et al.  1978 


Cutthroat trout (3.4 g), 


Oncorhynchus clarkii 
29-d LC50 F,M 7.78 12.2 21.40 38.78 Thurston et al.  1978 


Cutthroat trout (1.0 g), 


Oncorhynchus clarkii 
36-d LC50 F,M 7.81 13.1 30.80 57.91 Thurston et al.  1978 


Cutthroat trout (1.0 g), 


Oncorhynchus clarkii 
36-d LC50 F,M 7.80 12.8 32.20 59.79 Thurston et al.  1978 


Atlantic salmon, 


Salmo salar 


105-d Juv NOEC - 


Survival 
F,M 6.84 12.1 >32.29 >30.64 Kolarevic et al. 2012 


Lake trout, siscowet, 


Salvelinus namaycush 


60-d LOEC-  


Weight gain 
F,M 8.02 11.6 6.440 16.10 Beamish and Tandler 1990 


Brook trout (juvenile), 


Salvelinus fontinalis 


4-d Juv LOEC - 


Swimming Perf 
F,M 9.10 15.0 0.7765 10.86 Tudorache et al. 2010 


Bonytail chub 


(2 and 7 d post hatch), 


Gila elegans 


7-d IC25 - Growth R,U 7.90 25.0 11.00 23.24 Dwyer et al. 2005 
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Appendix C.  Other Chronic Ammonia Toxicity Data 


Species Test and Effect Methoda pH 


Temp. 


(˚C) 


Total 


Ammonia 


(mg 


TAN/L) 


Chronic value 


Adjusted to pH 7 


(all organisms) and 


20°C (invertebrates) 


(mg TAN/L) Reference 


Spotfin chub (<24 hr), 


Erimonax monachus 
7-d IC25 - Growth R,U 7.90 25.0 15.80 33.37 Dwyer et al. 2005 


Cape Fear shiner (<24 hr), 


Notropis mekistocholas 
7-d IC25 - Growth R,U 7.90 25.0 8.800 18.59 Dwyer et al. 2005 


Topeka shiner (adult), 


Notropis topeka 
30-d EC20 - Survival F,M 7.94 23.9 10.85 24.21 Adelman et al. 2009 


Topeka shiner (juvenile, 11 mo), 


Notropis topeka 
30-d EC20 - SGR F,M 8.07 12.4 6.483 17.45 Adelman et al. 2009 


Gila topminnow (<24, 48 and 72 hr), 


Poeciliopsis occidentalis 
7-d IC25 - Growth R,U 7.90 25.0 24.10 50.91 Dwyer et al. 2005 


Fathead minnow (<24 hr), 


Pimephales promelas 
7-d IC25 - Growth R,U 7.90 25.0 7.200 15.21 Dwyer et al. 2005 


Fathead minnow (4 d post hatch), 


Pimephales promelas 


28-d LOEC- 


Survival 
R,M 8.25 19.9 9.160 32.71 Fairchild et al. 2005 


Colorado pikeminnow 


(5 and 6-d post hatch), 


Ptychocheilus lucius 


7-d IC25 - Growth R,U 7.90 25.0 8.900 18.80 Dwyer et al. 2005 


Colorado pikeminnow (juvenile, 8 d), 


Ptychocheilus lucius 
28-d LOEC- Growth R,M 8.23 19.9 8.600 29.75 Fairchild et al. 2005 


Razorback sucker (7 d post hatch), 


Xyrauchen texanus 
7-d IC25 - Growth R,U 7.90 25.0 13.40 28.30 Dwyer et al. 2005 


Razorback sucker (9 d), 


Xyrauchen texanus 


28-d LOEC- 


Survival 
R,M 8.24 19.9 13.25 46.58 Fairchild et al. 2005 


Lost River sucker (late-stage larva), 


Deltistes luxatus 


30-d LOEC-


Survival 
F,M 9.43 22.3 1.230 25.31 Meyer and Hansen 2002 


Green frog (Stage 24-26), 


Rana clamitans 


103-d NOEC- 


Growth 
R,M 8.70 24.0 >2.20 >16.74 Jofre and Karasov 1999 


 


a
 R = renewal and F = flow-through exposure types; M = measured and U = unmeasured tests. 


b
 Not used in the calculation of the SMCV because of the uncertainty of the chronic value, but included here as weight of evidence supporting the sensitivity of non-pulmonate 


snail species in general as determined by 28-day toxicity tests (see Additional 28-day Toxicity test Data for Freshwater Snails in Appendix I for more detail). 
c
 Not used in the calculation of the SMCV because of the uncertainty of the chronic value, but included here as weight of evidence supporting the sensitivity of non-pulmonate 


snail species in general as determined by 28-day toxicity tests (see Chronic Toxicity Test Data: 28-day Tests with Juvenile and Adult Pebblesnails in Appendix H for more detail). 
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d Not used in the calculation of the SMCV because of low control survival (75 percent) for this size class. 
e
 Value represents a 28-day ammonia survival effects concentration used in place of the EC20 due to the high degree of temporal variability in measured total ammonia 


concentrations in the test, as well as the unequal response among test replicates near this concentration (see Additional 28-day Toxicity test Data for Freshwater Snails in Appendix 


I for more detail). 
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Appendix D.  Conversion of Acute Results of Toxicity Tests. 


 


All of the ammonia acute values (LC50s and EC50s) in Appendix A of this document were 


converted to TAN acute values using the reported temperatures and pHs, and using the pKa 


relationship from Emerson et al. (1975).  Conversions were dependent on the form of ammonia 


the acute values were expressed, e.g., unionized ammonia (UIA), unionized ammonia expressed 


as nitrogen (UIA-N), total ammonia (TA) and total ammonia nitrogen (TAN).  After acute values 


were converted to TAN they were then normalized to pH 7 using the pH relationship developed 


in the 1999 AWQC document.  Following the adjustment to pH 7, the TAN acute values were 


further normalized to a temperature of 20
°
C for invertebrates only, following recommendations 


in the 1999 AWQC document.  It is worth noting here that while the relationship between pH 


and ammonia toxicity was first addressed in the 1985 criteria document, it was not fully 


developed until the 1999 AWQC update document.  Detailed information regarding the 


development and parameterization of the pH-ammonia toxicity equations (acute and chronic) can 


be found in the 1999 AWQC document (pH-Dependence of Ammonia Toxicity – U.S. EPA 


1999).  In contrast to the pH-toxicity relationship, which applies to both vertebrates and 


invertebrates, the temperature-ammonia toxicity relationship only applies to invertebrates. Based 


on the results of the 1999 reanalysis of this relationship, it was determined that ammonia toxicity 


for invertebrates decreases with decreasing temperature to a temperature of approximately 7°C, 


below which the relationship ends (U.S. EPA 1999). 


The conversion procedure for acute toxicity values is illustrated here using the data for 


the flatworm, Dendrocoelum lacteum, which is the first species listed in Table 1 in the 


1984/1985 criteria document and was the species chosen to illustrate the conversion procedure in 


Appendix 3 of the 1999 AWQC document: 


 


Acute value (AV) = 1.40 mg unionized ammonia (UIA) or NH3/L 


Test pH = 8.20 


Test Temperature = 18.0°C 
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Step 1. 


Equation 3 in the 1999 criterion document, and the Emerson et al. (1975) equation from 


page 7 of this document, is used to calculate the pKa at 18
 
°C: 


 


pKa = 9.464905 


 


Step 2. 


The AV in terms of total ammonia (TA) is calculated as: 


 


[NH3]/[NH
+


4] = 10
(pH-pK)


 = 0.0543369 


 


Step 3. 


The Wood (1993) equation from page 7 (Equation 2 in the 1999 AWQC document) is 


rearranged to obtain the acute value for TA: 


 


TA = [NH3] + [NH
+


4] = [NH3] + [NH3]/(10
(pH-pKa)


) 


 


TA = [NH3] + [NH
+


4] = [NH3] + [NH3]/0.0543369 


 


= 27.1652 mg TA/L 


 


Step 4. 


The AV for TA is converted to the AV for TAN (AVt) as follows: 


AVt/AV = (14 mg TAN/mmol) / (17 mg TA/mmol) = 14/17 


AVt = (27.1652 mg TA/L) x (14 mg TAN/17 mg TA) 


= 22.3713 mg TAN/L 
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Step 5. 


The AV in terms of TAN, or AVt, is converted from test pH 8.2 to pH 7 using the 


equation for describing the pH-dependence of acute values (modified from Equation 11 


in the 1999 AWQC document for normalization to pH 7)
2
: 


 


      
   


(
      


             
 


      
            


)
  


 


AVt,7 = (AVt)/(0.158673) = 140.990 mg N/L 


 


Step 6. (temperature adjustment for invertebrates only) 


 


The AV in terms of TAN at pH 7, or AVt,7, is converted from this concentration at test 


temperature to a standard test temperature of 20
°
C using the equation shown below 


(Equation 5 in the 1999 AWQC document)
3
: 


 


log(AVt,7,20) = log(AVt,7) - [-0.036(18
°
C - 20


°
C)] 


= 119.451 mg N/L 


 


Because this is the only species in this genus for which data are in Table 1 in the 1984/1985 


criteria document, 119.5 mg TAN/L is the GMAV for the genus Dendrocoelum in Table 3 of this 


update document. 


  


                                                 


2
 The equation provided here should be applicable from pH 6 to 9, although uncertainty might exist at the lower end 


of this range for certain species.  Extrapolation below pH 6 is not advisable because of the increasing scatter of the 


data from the common regression line at lower pH, and extrapolation above pH 9 is not advisable because of 


inadequate knowledge about the effect of the inhibition of ammonia excretion at high pH on results of toxicity tests 


(Russo et al. 1988). 
3
 Note: Based on the 1999 reanalysis of the relationship between temperature and ammonia toxicity, when test 


temperature is less than 7°C, T should be set equal to 7, to reflect the plateau of the temperature-toxicity relationship 


at these temperatures. 
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Appendix E.  Conversion of Chronic Results of Toxicity Tests. 


 


As in the previous appendix with the acute results of toxicity tests, all of the ammonia 


chronic values (EC20s) in Appendix B of this document were first converted to TAN at test 


temperature and pH using the pKa relationship from Emerson et al. (1975).  Once all the chronic 


values were converted to total ammonia nitrogen, these values were then adjusted to pH 7 using 


the pH relationship developed in the 1999 AWQC document.  After the adjustment to pH 7, the 


TAN chronic values were further normalized to a temperature of 20
°
C for invertebrates only, as 


per the recommendations in the 1999 AWQC document.  The conversion procedure is illustrated 


here using the data for the amphipod species Hyalella azteca. 


 


Chronic value (CV) = EC20 of 8.207 mg TAN/L 


Test pH = 8.04 


Test Temperature = 25.0
°
C 


 


Steps 1 through 4.  


 


(Not required in this case as CV is already expressed in terms of TAN.   For more details 


regarding these steps, see Appendix D). 


 


Step 5. 


The CV in terms of TAN, or CVt, is converted from test pH 8.04 to pH 7 using the 


equation for describing the pH dependence of chronic values (modified from Equation 12 


in the 1999 AWQC document for normalization to pH 7)
4
: 


 


 


      
   


(
      


             
 


      
            


)
  


 


                                                 


4
 See footnote 3 in Appendix D. 
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CVt,7 = (CVt)/(0.38855) = 21.13 mg TAN/L 


 


Step 6. (Temperature adjustment for invertebrates only) 


 


The CV in terms of TAN at pH 7, or CVt,7, is converted from this concentration at test 


temperature to a standard test temperature of 20°C using the equation shown below (Equation 5 


in the 1999 AWQC document)
5
: 


 


log(CVt,7,20) = log(CVt,7) - [-0.028(25
°
C - 20


°
C)] 


= 29.17 mg TAN/L 


 


Because this is the only species in this genus for which data in appendix B are available, 


29.17 mg TAN/L is the GMCV for the genus Hyalella reported in Table 4 of this update 


document. 


  


                                                 


5
 See footnote 4 in Appendix D. 
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Appendix F.  Acute-Chronic Ratios (ACRs). 


 


The CCC was calculated directly from chronic values (EC20s ) in Appendix B using the 


standard fifth percentile procedure provided in the 1985 Guidelines (Stephan et al. 1985).  As a 


result, acute-chronic ratios (ACRs) are not necessary for the derivation of the new chronic 


criterion presented in this document.  It is still worthwhile, however, for EPA to provide 


recommended ACRs for predicting chronic sensitivity of untested species using measured or 


estimated acute values for other related efforts (e.g., developing Biological Evaluations in 


support of National Endangered Species Act Consultations on EPA 304(a) criteria 


recommendations, or when an ACR(s) is allowed to derive site-specific criteria for ammonia in 


fresh water).  Table F.1 below presents ACRs for all species with chronic values that were used 


in the derivation of a GMCV and for which comparable acute values were found, as well as for a 


few additional species of special interest, such as threatened and endangered species. All acute 


and chronic values were adjusted to pH 7 and to 20
°
C (in the case of invertebrates).  For each 


species or genera where more than a single ACR was calculated, Species and Genus Mean 


Acute-Chronic Ratios (SMACRs and GMACRs, respectively) were also calculated as the 


geometric mean value of individual ACRs and SMACRs.  (Note: in the case of a single ACR 


within a Genus, the ACR is the SMACR.)  Additionally, taxon-specific ACRs (TSACRs) were 


calculated where practical and for purpose of comparison at the taxonomic level of Family and 


Class.   


The ACRs for freshwater aquatic invertebrates range from 2.406 to 49.45 (a factor of 21; 


see Table F.1).  Likewise, the ACRs for fish range from 3.437 to 36.53 (factor of 11).  The broad 


range in values can probably be explained because of the different kinds of chronic tests (life-


cycle, ELS, 28-d juvenile mussel or snail) and toxicological endpoints (survival, growth, or 


reproduction) upon which they are based.  The ACR of 36.53 for fathead minnow, for example, 


was based on hatchability from the life-cycle test of Thurston et al. (1986), whereas the early 


life-stage tests with fathead minnow of Mayes et al. (1986) and Swigert and Spacie (1983) gave 


ACRs of 11.35 and 17.17.  The range of ACRs based on chronic values from the two early life-


stage tests is small, and it is perhaps not surprising that a life-cycle test gave a higher ACR than 


the early life-stage tests.  As another example illustrating the variability among ACRs from 


different kinds of tests and using different toxicological endpoints, but this time comparing 
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amongst different species of invertebrates, the ACR of 49.45 for Lampsilis fasciola was based on 


survival from a 28-day test involving two month-old juveniles (Wang et al. 2007a,b), whereas 


the life-cycle tests with the two species of cladocerans (Ceriodaphnia acanthina and C. dubia) 


are based on adverse effects on reproduction with ACRs of 2.406 (Mount 1982) and 3.924 


(Nimmo et al. 1989), respectively (Table F.1).   


The ACRs for bivalve mollusks in general are larger compared to other freshwater 


aquatic animal taxa and range from 9.028 to 49.45.  The ACRs for other freshwater invertebrates 


range from 2.406 to 15.81.  The ACRs for fishes, in contrast, are quite varied even within species 


or genera.  For example, the ACRs for Lepomis sp. range from 3.437 to 28.51 despite having 


been based on ELS tests and using biomass or survival as the toxicological endpoint. 


Figure F.1 depicts SMACRs in relation to SMAVs to determine whether there is a trend.  


Only the weak trend of decreasing SMACR with increasing SMAV is apparent; primarily due to 


the comparatively large SMACRs for freshwater bivalve mollusks.   


In general TSACRs for most freshwater aquatic animals (excluding bivalve mollusks) are 


within the relatively small range of 5.113 to 15.81 at the Class level, and may be acceptable for 


use when certain taxon-specific chronic toxicity data are not available.  Perhaps not surprisingly, 


the CCC (2.1 mg TAN/L) calculated as the quotient of the FAV of 32.99 mg TAN/L (at pH 7 


and 20°C) and geometric mean ACR for the Family Unionidae (15.52) agrees well with the CCC 


calculated directly from available chronic data (see Appendix B and Figure 4). 
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Table F.1.  Species, Genus and Taxon-Specific ACRs for Freshwater Aquatic Animals Exposed to Ammonia. 


 
Table F.1.  Species, Genus and Taxon-specific ACRs for Freshwater Aquatic Animals Exposed to Ammonia 


Species Scientific Name  


Acute and Chronic  


Test Endpoint pH Temp 


Normalized 


Values Reference ACR SMACR GMACR 


TSACR 


(Family) 


TSACR 


(Class) 


Class Gastropoda (Family: Lithoglyphidae) 


Fluminicola sp. 
LC50 8.25 20.2 >62.15 


Besser 2011 7.940 7.940 7.940 7.940 7.940 
EC20 - Change in Length 8.22 20.1 7.828 


Class Bivalvia (Families Unionidae and Pasidiidae) 


Lampsilis fasciola 
EC50 8.50 20.0 69.63 Wang et al. 2007b 


49.45 49.45 


21.13 


15.52 


25.68 


EC20 - Survival 8.20 20.0 1.408 Wang et al. 2007a 


Lampsilis siliquoidea 
EC50 8.20 20.0 28.99 Wang et al. 2007a 


9.028 9.028 
EC20 - Survival 8.25 20.0 3.211 Wang et al. 2011 


Villosa iris 


EC50 8.40 20.0 23.29 Wang et al. 2007b 


11.40 11.40 
11.40 


 
EC50 8.30 20.0 68.40 Wang et al. 2007b 


EC20 - Survival 8.20 20.0 3.501 Wang et al. 2007a 


Musculium transversum 
EC50 8.10 14.6 109.0 West 1985; Arthur et al. 1987 


42.50 42.50 42.50 42.50 
EC20 - Survival 7.80 21.8 2.565 Sparks and Sandusky 1981 


Class Branchiopda (Family: Daphniidae) 


Ceriodaphnia acanthina 
EC50 7.06 24.0 154.3 


Mount 1982 2.406 2.406 


3.073 


5.113 5.113 


EC20 - Reproduction 7.15 24.5 64.10 


Ceriodaphnia dubia 
EC50 7.80 25.0 152.9 


Nimmo et al. 1989 3.924 3.924 
EC20 - Reproduction 7.80 25.0 38.96 


Daphnia magna 


EC50 8.50 20.0 296.9 Gersich and Hopkins 1986 
8.186 


8.507 8.507 
EC20 - Reproduction 8.45 19.8 36.27 Gersich et al. 1985 


EC50 8.34 19.7 419.1 
Reinbold and Pescitelli 1982a 8.841 


EC20 - Reproduction 7.92 20.1 47.40 


Class Malacostraca (Family: Dogielinotidae) 


Hyalella azteca 
EC50 8.30 25.0 461.2 Ankley et al. 1995 


15.81 15.81 15.81 15.81 15.81 
EC20 - Biomass 8.04 25.0 29.17 Borgmann 1994 
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Table F.1.  Species, Genus and Taxon-specific ACRs for Freshwater Aquatic Animals Exposed to Ammonia 


Species Scientific Name  


Acute and Chronic  


Test Endpoint pH Temp 


Normalized 


Values Reference ACR SMACR GMACR 


TSACR 


(Family) 


TSACR 


(Class) 


Class Actinopterygii (Families Salmonidae, Catostomidae, Cyprinidae, Ictaluridae and Centrarchidae) 


Oncorhynchus clarkii LC50 7.81 13.1 132.3 Thurston et al. 1978 
5.122 5.122 


5.518 5.518 


8.973 


O. clarkii henshawi EC20 - Survival 7.57 13.7 25.83 Koch et al. 1980 


Oncorhynchus mykiss 


LC50 7.40 14.5 31.47 Calamari et al. 1981 
9.696 


5.945 


EC20 - Survival 7.40 14.5 3.246 Calamari et al. 1977, 1981 


LC50 7.67 7.7 40.40 Thurston et al. 1981a 


3.646 
EC20 - 5 yr Life Cycle 7.70 


7.5-


10.5 
>11.08 Thurston et al. 1984a 


Catostomus commersoni 


LC50 8.16 15.0 176.6 
Reinbold and Pescitelli 1982c 


14.75 14.75 14.75 14.75 LC50 8.14 15.4 166.3 


EC20 - Biomass 8.32 18.6 11.62 Reinbold and Pescitelli 1982a 


Notropis topeka 
LC50 8.09 13.2 147.3 Adelman et al. 2009 


(EC20 from Appendix C) 
8.437 8.437 8.437 


10.96 


EC20 - Growth Rate 8.07 12.4 17.45 


Pimephales promelas 


LC50 7.76 19.0 139.3 


Thurston et al. 1983, 1986 36.53 


19.24 19.24 


LC50 7.83 22.0 158.7 


LC50 7.91 18.9 178.9 


LC50 7.94 19.1 162.3 


LC50 8.06 22.0 205.0 


LC50 8.03 22.1 216.3 


EC20 - LC Hatchability 8.00 24.2 4.784 


LC50 8.14 22.0 141.2 
Mayes et al. 1986 11.35 


EC20 - Survival 8.00 24.8 12.43 


LC50 7.78 25.9 117.3 


Swigert and Spacie 1983 17.17 LC50 7.80 25.6 126.8 


EC20 - Biomass 7.82 25.1 7.101 


Cyprinus carpio 
LC50 7.72 28.0 133.9 Hasan and MacIntosh 1986 


8.100 8.100 8.100 
EC20 - Growth: Weight 7.85 23.0 16.53 Mallet and Sims 1994 


Ictalurus punctatus 
LC50 7.80 25.7 97.67 


Swigert and Spacie 1983 4.800 4.800 4.800 4.800 
EC20 - Biomass 7.76 26.9 20.35 


Lepomis cyanellus 


LC50 7.72 22.4 144.3 
McCormick et al. 1984 12.18 


6.468 13.58 13.59 EC20 - Biomass 7.90 22.0 11.85 


LC50 8.28 26.2 62.07 Reinbold and Pescitelli 1982a 3.437 
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Table F.1.  Species, Genus and Taxon-specific ACRs for Freshwater Aquatic Animals Exposed to Ammonia 


Species Scientific Name  


Acute and Chronic  


Test Endpoint pH Temp 


Normalized 


Values Reference ACR SMACR GMACR 


TSACR 


(Family) 


TSACR 


(Class) 


EC20 -  Survival 8.16 25.4 18.06 


Lepomis macrochirus 
LC50 7.60 21.7 93.31 


Smith et al. 1984 28.51 28.51 
EC20 - Biomass 7.76 22.5 3.273 


Micropterus dolomieui 


LC50 (pH 6.5) 6.53 22.3 269.2 


Broderius et al. 1985 


31.12 


13.61 13.61 


EC20 (pH 6.5) - Biomass 6.60 22.3 8.650 


LC50 (pH 7.0) 7.16 22.3 144.3 
14.84 


EC20 (pH 7.0) - Biomass 7.25 22.3 9.726 


LC50 (pH 7.5) 7.74 22.3 105.2 
6.670 


EC20 (pH 7.5) - Biomass 7.83 22.3 15.77 


LC50 (pH 8.5) 8.71 22.3 126.0 
11.14 


EC20 (pH 8.5) - Biomass 8.68 22.3 11.31 
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Figure F.1.  SMACRs by SMAV Rank. 
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Appendix G.  Results of the Regression Analyses of New Chronic Data for Unionid 


Mussels. 


 


This appendix provides the figures generated using EPA’s TRAP program that was used 


to calculate EC20s for the new chronic ammonia toxicity studies conducted with unionid mussels.  


In the figures that follow, circles denote measured responses and solid lines denote estimated 


regression lines.  The model-estimated EC20 values and corresponding 95% confidence limits are 


provided with each figure, as well as the pH and water temperature at which the test was 


conducted.  Per the text on page 32 in Chronic Toxicity to Freshwater Aquatic Animals and as 


discussed in greater detail on page 56 in Effects Characterization, EPA decided that while 28-


day survival EC20s from these tests using juvenile freshwater mussels are acceptable for 


derivation of a chronic aquatic life criterion for ammonia, EC20s based on growth responses from 


these tests are not.  The decision not to use the growth data from these tests was based on the 


uncertainty in the test methods for assessing the growth endpoint and the need for additional 


research “to optimize feeding conditions, to conduct longer-term exposures (e.g., 90 d), and to 


compare growth effect to potential reproductive effect in partial life-cycle exposure” (Wang et al. 


2011).  Additionally, the growth response during these tests show a high degree of variability, 


and the test methods for assessing growth, based on substrate or water-only exposures, are 


currently being evaluated – see Figure below depicting the growth response of juvenile 


fatmucket in the 28-day tests reported in Wang et al. (2011). 
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Juvenile Fatmucket, 28-Day Survival, Wang et al. 2011
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Juvenile Wavy-rayed Lampmussel, 28-Day Survival, Wang et al. 2007a
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Juvenile Rainbow Mussel, 28-Day Survival, Wang et al. 2007a
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Juvenile Fatmucket, 28-Day Growth, Wang et al. 2011
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Appendix H.  Detailed Descriptions of Select New Acute and Chronic Toxicity Test Data 


Used for Criteria Derivation. 


 


Acute Toxicity Test Data 


Venustaconcha ellipsiformis (ellipse) 


As noted above, the ellipse test data was not directly used in the acute criterion 


calculation, but the data is described here as additional evidence supporting the determined acute 


criterion value. The GMAV for the ellipse is based on the 24-hr EC50 reported for an acute 


toxicity test initiated with 2-hr old glochidia of the species (Wang et al. 2007b).  Glochidia were 


tested under static conditions at pH 8.1 and 20°C.  Survival of control animals after 24 hours was 


90 percent.  The estimated measured EC50 at test temperature and pH was 4.450 mg N/L, after 


adjusting the reported nominal EC50 by multiplying by a factor of 0.89 (i.e., measured total 


ammonia concentrations were 89 percent of nominal concentrations for 24 hour glochidia 


exposures).  The GMAV for this species is 23.12 mg TAN/L when adjusted to pH 7 and 20°C 


(Appendix A), and represents the lowest in the acute dataset (Table 3).  The acute criterion of 17 


mg TAN/L is considered protective of this species because the GMAV/2, a value used to 


estimate an effect level un-differentiable from controls (Federal Register on May 18, 1978 (43 


FR 21506-18), is approximately 12 mg TAN/L for the ellipse, which is close to the current 


criterion value, given the variability and uncertainty in such toxicity tests.  


 


Utterbackia imbecillis (pondshell mussel) 


The GMAV for pondshell mussel of 46.93 mg TAN/L is the sixth lowest in the acute 


dataset (Table 3). Although this GMAV is not one of the four used in calculating the FAV, the 


value is composed of individual EC50 values ranging from a comparatively low acute value of 


17.91 to 100.5 mg TAN/L (expressed as TAN and normalized to pH 7 and 20°C, Appendix A).  


This GMAV is based on several EC50s (numbering nine in total) from three different studies 


(Wade et al. 1992; Keller 2000; Black 2001).  This particular GMAV is based on tests with 


predominantly juvenile mussels of various ages, but also including a single test which employed 


glochidia (Appendix A).  The pH and test temperature for all nine tests was relatively uniform 


and ranged from 7.80 to 8.35 and 24.0 to 25.1°C, respectively.  Control survival exceeded 90 


percent in all tests regardless of life-stage tested.  
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Fusconaia masoni (Atlantic pigtoe) 


The GMAV for the Atlantic pigtoe represents the seventh lowest in the acute dataset, and 


lies just below the lowest GMAV for the most sensitive fish species, the mountain whitefish 


(Table 3). This GMAV is based on the 6-hr EC50 reported for an acute toxicity test initiated with 


2-hr old glochidia of the species (Black 2001).  Glochidia were tested under static conditions at 


pH 7.6 and 24.9°C.  Survival of control animals after 6 hours was 93 percent, falling to 87 


percent after 12 hours.  The EC50 at test temperature and pH was 15.90 mg TAN/L, or 47.40 mg 


TAN/L when adjusted to pH 7 and 20°C (Appendix A).   


 


Fluminicola sp. (pebblesnail)  


The GMAV of 62.15 mg TAN/L for Fluminicola is the tenth most sensitive in the acute 


dataset (Table 3).  As part of the study to evaluate the chronic sensitivity of pebblesnails 


(Gastropoda: Hydrobiidae) to ammonia via 28-day water only toxicity tests (see additional 


details below under Chronic Toxicity Test Data: 28-day Tests with Juvenile and Adult 


Pebblesnails (Fluminicola species), Besser (2011) reported survival of ‘large’ snails (i.e., mean 


starting shell length of 1.81 mm) after 96 hours of exposure.  No mortality was observed in 


controls through the highest test concentration of 8.801 mg TAN/L where 32 of 40 snails (80 


percent) survived.  The mean pH and test temperature at this highest ammonia treatment level 


were 8.25 and 20.2°C, respectively.  Because only 20 percent mortality occurred at this test 


concentration, the EC50 at test temperature and pH is recorded in this document as > 8.801 mg 


TAN/L, or >62.15 mg TAN/L when adjusted to pH 7 and 20°C (Appendix A). 


 


Pleurocera uncialis (pagoda hornsnail) 


Another non-pulmonate snail species (pagoda hornsnail) was determined to be nearly as 


sensitive to ammonia as pebblesnail, the pagoda hornsnail, which was ranked 12
th


 in acute 


sensitivity.  Goudreau et al. (1993) collected and acclimated (for six days) adult snails from 


Clinch River, Virginia prior to conducting a static renewal bioassay to determine a 96-hr LC50 


for this species.  The test was conducted in a walk-in experimental chamber set to a temperature 


of 22°C and using chlorine free laboratory dilution water at pH 8.1.  Survival of adult snails in 


the control treatment was 100 percent.  The reported LC50 at test temperature and pH was 11.18 
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mg TAN/L when expressed as total ammonia.  The LC50 normalized to pH=7 and 20°C is 68.54 


mg TAN/L (Appendix A).   


 


Deltistes luxatis (Lost River sucker) 


The endangered Lost River sucker is a freshwater fish species endemic to the Klamath 


Basin of northern California and southern Oregon (Appendix A).  The acute toxicity of ammonia 


was determined for larval and juvenile Lost River sucker as reported in Saiki et al. (1999).  


Larval tests were initiated when fish reared from spawned eggs were 35 days old, whereas the 


juvenile tests were initiated after the fish reached 3-7 months old.  All fish were exposed for 96 


hours under flow-through conditions at pH 8.0 and 20°C.  The reported LC50s at test temperature 


and pH were 10.35 and 16.81 mg/L for larval and juvenile fish, expressed as total ammonia 


nitrogen (Appendix A).  The LC50s normalized to pH 7 and 20°C are 44.42 and 72.18 mg 


TAN/L, respectively (Appendix A).  The GMAV for Lost River sucker is calculated as the 


geometric mean of the two normalized LC50s, or 56.62 mg TAN/L (Table 3).  Lost River sucker 


represents the ninth most sensitive genus in the acute dataset, and second most sensitive fish 


species (following mountain whitefish which was the most sensitive GMAV) and is expected to 


be protected by the CMC of 17 mg TAN/L. 


 


Chronic Toxicity Test Data 


28-day Tests with Juvenile and Adult Pebblesnails (Fluminicola species) 


The summary for 28-day tests recently conducted with Fluminicola sp. includes the 


results from repeat tests performed by Besser et al. in 2009 and 2010, the details of the latter of 


which are summarized in a memorandum to EPA in 2011 (this study referred to in this document 


as Besser 2011).   


Test organisms used in the Besser et al. (2009) 28-day survival tests with wild-caught 


(Snake River, Idaho) Fluminicola sp. included mixed-aged adult and young-adult organisms 


(from 6 to 12 months).  Mixed-age classes were used because the acclimation cultures produced 


only approximately 200 neonates for testing that were collected over a period of about four 


months.  Despite the fact that snails in the control treatment exhibited 100 percent survival, while 


snails exposed to the highest ammonia concentration (7.9 mg TAN/L) exhibited 0 percent 


survival, extreme variation between replicates at the highest test concentrations was observed 
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during the test, i.e., snails in replicates were either all alive or all dead in the 1.7 and 3.6 mg 


TAN/L treatments.  Based on the mean survivals for Fluminicola sp., the reported survival EC20 


for the species was estimated to be 1.02 mg TAN/L at test temperature (20.8°C) and pH (8.26), 


or 3.900 mg TAN/L when adjusted to pH 7 and 20°C (see Appendix C).  The EC20 reported for 


the test is not considered reliable, however, due to the variability in survival among replicates in 


the 1.7 and 3.6 mg TAN/L test concentrations; therefore, this data was not used in the derivation 


of the final ammonia CCC (i.e., the all-or-none response in the replicates of these two treatments, 


which, when averaged and used as means instead of analyzing the replicates separately in the 


regression, allows estimation of an EC20 that would otherwise be incalculable because of the 


variability between treatment replicates).  Thus, the upper limit CV for the test is uncertain.  The 


value clearly is a concentration below 7.9 mg TAN/L (at test temperature and pH), but the exact 


concentration could not be determined at the time. 


In an attempt to further define the 28-day ammonia survival effects threshold for 


Fluminicola sp., pebblesnails cultured in the laboratory at the USGS Columbia Environmental 


Research Center were tested in April 2010 via a similar 28-day test protocol (see Besser 2011).  


This 2010 test was conducted with two size classes of juvenile pebblesnails: small (mean shell 


length of 1.34 mm at the start of the test) and large (mean starting shell length of 1.81 mm).  


Both size groups were exposed in the same flow-through exposure system consisting of five 


ammonia concentrations (ranging from a nominal concentration of 0.5 to 8 mg N/L in 50 percent 


dilution series), plus a control, with four replicates of ten snails per replicate (or 40 small and 40 


large snails per treatment).  Mean measured TAN concentrations, pH, and temperature were 


maintained very close to target values throughout the test (i.e., mean measured ammonia 


concentrations were within 14 percent of nominal, mean treatment pH ranged from 8.18 to 8.26, 


and mean treatment water temperature ranged from 20.1 to 20.2°C).  Survival was measured 


after 4 and 28 days.  Survival of snails after 28 days in the small size group was lower overall 


(75 percent in the control and 60-68 percent in the nominal 0.5 to 2 mg TAN/L test concentration 


range) in relation to that of the large size group (93-100 percent in both the control and low 


ammonia test concentration).  For both size groups, snail survival differed among test 


concentrations and was substantially lower than controls in the two highest ammonia 


concentrations (4.0 and 8.0 mg TAN/L nominal), however, due to the lower control survival of 


the small size group (<80 percent), the data for this group is not used quantitatively in the 
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derivation of the final ammonia CCC and is instead presented in Appendix C as other chronic 


data. 


Because the survival of the large size group of snails was acceptable in controls and snail 


length different among concentrations according to concentration-response, change in length for 


the large size group was analyzed further for inclusion in the derivation of the CCC.  (Note: 


attempts to model concentration-response curves for survival in the large size group using TRAP 


software were not as informative because partial mortality was limited to only one treatment 


(i.e., 28-day survival ranged from 98 to 100 percent in the nominal 0.5, 1 and 2 mg TAN/L test 


concentrations, only 10 percent in the 4 mg TAN/L nominal test concentration, and zero percent 


at the highest nominal test concentration of 8 mg TAN/L).  The growth EC20 for this freshwater 


non-pulmonate snail species calculated using EPA’s TRAP (threshold sigmoid model with full 


convergence) is 2.281 mg TAN/L at test pH (8.22) and temperature (20.1°C), or; 7.828 mg 


TAN/L after adjustment to pH 7 and 20°C (see Appendix B).  The TRAP output for this test is 


provided below to support the use of the growth-based EC20 for this particular species and test.    
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Chronic Toxicity Tests with Juvenile Hyalella azteca  


Borgmann (1994) conducted four sets of experiments on H. azteca using different 


dilution water types and life-stages of test organisms.  One set of experiments consisted of tests 


that began with <1-week-old organisms, all of which utilized weekly renewals and dechlorinated 


tap water originating from Lake Ontario.  Of the three tests, one lasted four weeks and the other 


two lasted 10 weeks, the latter of which produced data on both survival and reproduction, as 


described in detail in the 1999 AWQC document (U.S. EPA 1999).  At the time, the results of 


the two 10-week tests were deemed sufficiently similar such that the results were analyzed 


together and subsequently used as the basis for the pH and temperature adjusted EC20 of <1.45 


mg TAN/L (at pH 8 and temperature 25°C ) reported in Table 5 of the 1999 AWQC document 


(U.S. EPA 1999).  Since then, however, EPA has re-evaluated the results of the three tests in 


light of the recent extensive research that has been undertaken to elucidate the specific water 


Large Pebblesnail, 28-Day Growth, Besser et al. 2011
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ionic composition and feeding requirements necessary to ensure the health of this particular 


freshwater aquatic test organism for use in long-term toxicity testing.  During the EPA’s re-


evaluation of these tests, it was concluded that while the ionic composition of the water used for 


testing (dechlorinated city tap water originating from Lake Ontario) was acceptable, the results 


of the two 10-week chronic tests should not be used for deriving AWQC for the following 


reasons: 


 Low control survival observed after 10 weeks of exposure (only 66.3%), possibly linked 


to inadequate food and feeding level that was employed, particularly after the first four 


weeks of testing; 


 Poor control reproduction observed after 10 weeks of exposure; and  


 The fact that the ammonia concentrations increased substantially in critical test 


treatments (e.g., the 0.1 mM ammonia treatment) during the final 3 weeks of testing 


(weeks 7 – 10). 


 


However, four week data for these two tests, in combination with data from the third 


four-week test with the same life stage, were not affected by these limitations.  The measured 


total ammonia concentrations and mean pH (8.04) reported for the “Tap water (young)” tests in 


Table 1 of Borgmann (1994) reflect the analytical measurements combined from all three tests 


conducted with this life stage (i.e., <1 wk old H. azteca).  Likewise, the pooled results for 


survival (from Figure 1a) and wet weight (from Table 4) reflect the observations (weekly for 


survival and after four weeks for wet weight) from the three respective tests, and thus, represent 


observations stemming from six test replicates per treatment when combined.  Using these data 


up through the first four weeks of exposure, as well as the water temperature of 25°C 


(maintained via an incubator) at which all sets of experiments in the study were run, a 28-day 


EC20 of 29.17 mg N/L (based on biomass and normalized to pH 7 and 20°C) was calculated for 


H. azteca for the study (Appendix B).  These data were deemed sufficient to derive an SMCV for 


the species (as an upper limit), which is subsequently used here for chronic criterion 


development.  This decision was largely predicated on the fact that: 


 The ion composition of the water used in this test was acceptable; 


 The control survival for the tests up through the first four weeks was good (88.4%); and 
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 The feeding level during the first four weeks of testing was acceptable (as judged via the 


growth performance of the test organisms during this timeframe. 


 


New Chronic Data for Non-salmonid Fish Species 


Cyprinus carpio (common carp) 


Mallet and Sims (1994) conducted a 28-day early life-stage test starting with eggs 


approximately 6 hours post-fertilization.  Mean pH and temperature for the test were 7.85 and 


23°C, respectively.  The measured DO concentrations reported for the test ranged from 79 to 94 


percent of saturation.  Ammonia had no effect on hatching success at the highest concentration 


tested (19.6 mg TAN/L); although survival of the post-hatch stages was significantly reduced at 


this level compared to controls (average fry survival in the control treatment was 86 percent).  


Growth of fry was the most sensitive endpoint, and mean fry wet weights were inhibited at 


concentrations ≥10.4 mg TAN/L.  Even though the number of larvae in each replicate vessel was 


not made uniform on hatching, at least one vessel per concentration contained an equivalent 


stocking density (23 to 29 carp), so the mean wet weight of carp in the one selected replicate per 


concentration was analyzed using regression analysis.  The resulting EC20 value was 8.360 mg 


TAN/L at 23°C and pH 7.85, which is calculated to be 16.53 mg TAN/L at pH 7, with a GMCV 


sensitivity rank of ten (see Appendix B and Table 4).  


 


Esox lucius (northern pike) 


Harrahy et al. (2004) conducted a 52-day early life-stage test starting with newly-


fertilized northern pike embryos.  The mean dissolved oxygen concentration in test water ranged 


from 8.7 to 9.1 mg/L during the test.  There was no effect of ammonia on hatching success up to 


62.7 mg TAN/L, and larval survival of control fish was 100 percent.  A significant reduction in 


larval survival and growth was observed at concentrations of total ammonia ≥30.4 and 15.1 mg 


TAN/L, respectively, at pH 7.62 and 8.7°C.  The estimated EC20 value reported for biomass was 


13.44 mg TAN/L, which, normalized to pH 7 to support criteria development in this document, 


is 20.38 mg TAN/L (Appendix B).  The GMCV of 20.38 mg TAN/L for northern pike is 


included in Table 4 as the GMCV ranked 11
th 


in sensitivity. 
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New Chronic Toxicity Data for Salmonid Species 


Chronic values for two additional studies with Oncorhynchus species are included in this 


AWQC document.  Koch et al. (1980) exposed Lahontan cutthroat trout (Oncorhynchus clarkii 


henshawi) for 103 days in an ELS test.  The measured dissolved oxygen concentrations for the 


entire study ranged from 7.0 to 8.9 mg/L, with an overall average of 7.9 mg/L.  Survival of 


embryos in the control treatment was 80 percent, with approximately 95 percent surviving 


through the fry stage, and 80 percent surviving as fingerlings up to day 94 of the test.  There 


were no successful hatches at exposure levels of 148 mg TAN/L or higher and no significant 


mortality at exposure levels below 32.9 mg TAN/L.  Regression analysis of the survival data 


using an arcsine transformation resulted in a calculated EC20 value of 17.89 mg TAN/L at 13.7°C 


and pH 7.57.  The EC20 value is 25.83 mg N/L when adjusted to pH 7 (Appendix B). 


The recent results of a 90-day ELS test using a wild strain of rainbow trout exposed to 


ammonia were reported by Brinkman et al. (2009).  The test was initiated with newly fertilized 


embryos (<24 h) exposed under flow-through conditions through hatch (28 days), swim-up (15 


days) and early fry development (52 days) to five concentrations of total ammonia with a control. 


Each treatment consisted for four replicates containing 20 embryos each (N = 100 embryos per 


treatment).  Mean pH and temperature of test water measured among treatments was 7.75 and 


11.4°C, respectively.  Hatch success and survival of sac fry were similar to controls for all 


ammonia concentrations, resulting in an unadjusted NOEC of >16.8 mg TAN/L.  Survival, 


growth and biomass of swim-up fry were significantly reduced at 16.8 mg TAN/L compared to 


controls, but unaffected at 7.44 mg N/L, resulting in a chronic value (MATC) of 11.2 mg 


TAN/L.  The EC20 calculated for biomass using TRAP and normalized to pH 7 is 15.60 mg 


TAN/L (Appendix B). 
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Appendix I.  Qualitative Weight-of-Evidence Test Data. 


 


Additional 28-day Toxicity Test data for Freshwater Mussels 


As part of the same study summarized above in the Effects Analyses to Freshwater 


Aquatic Organisms under Summaries of Studies Used in Chronic Criterion Determination (page 


34), Wang et al. (2007a) also attempted to determine the effect of ammonia on growth of 2-


month old juvenile rainbow mussel, fatmucket, and wavy-rayed lampmussel.  The 28-day tests 


were conducted following the same methods (see ASTM 2006).  The mean length of juvenile 


rainbow mussel and fatmucket exposed to the lowest ammonia concentrations tested was reduced 


by 13 and 12 percent compared to mean length of control animals, respectively, but increased by 


7 percent for the wavy-rayed lampmussel.  There was no consistent effect of ammonia, however, 


on either length at 28 days or change in length after 28 days for fatmucket and wavy-rayed 


lampmussel at test concentrations where survival was unaffected; only the 28-day test with 


rainbow mussel exhibited such a concentration- response for length and change in length.  For 


the reasons explained above under the section referenced, the growth endpoint was not used from 


these tests to derive the chronic criterion, and instead, the reported IC25 (inhibition concentration) 


estimated for these tests are included in Appendix C.  The reported growth IC25 for juvenile 


rainbow mussel, fatmucket, and wavy-rayed lampmussel from their respective 28-day tests were 


0.73, 0.44, and 0.57 mg TAN/L at test pH of 8.2 and temperature 20°C.  These values, when 


adjusted to pH 7 and 20°C, are 2.406, 1.450 and 1.878 mg TAN/L, respectively (see Appendix 


C). 


 


Additional 28-day Toxicity test Data for Freshwater Snails 


Besser et al. (2009), in a USGS study report completed for EPA, conducted 28-day flow-


through survival and growth tests with five species of snails, including four gill-bearing (non-


pulmonate) species and an air-breathing (pulmonate) species.  All tests were conducted in ASTM 


hard water (mean hardness and alkalinity of approximately 170 and 120 mg/L as CaCO3, 


respectively) with a pH range of 8.20-8.29 and a temperature range of 19-21°C during testing.  


Total ammonia nitrogen (mg TAN/L) concentrations in tests were measured weekly with the 


percent of nominal concentrations ranging from 83 to 101 percent.  Test results were based upon 
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the mean of the measured concentrations.  For all snail exposures, the effect of ammonia on 


growth was not determined for test species that were of mixed ages at test initiation (as explained 


further below); growth, however, was not as sensitive of an endpoint as survival for at least one 


(Pyrgulopsis idahoensis) of the two snail species (Lymnaea stagnalis and P. idahoensis) where 


both growth and survival were measured (see Appendix C). 


 


Fontigens aldrichi (Ozark springsnail) 


As part of the original study described above, Besser et al. (2009) also determined the 


effect of ammonia on survival of the non-pulmonate snail F. aldrichi.  Because F. aldrichi did 


not reproduce during culturing and acclimation, field-collected organisms of “older” (adult) 


mixed-ages were used for ammonia exposures.  F. aldrichi exposed to ammonia in the 28-day 


test exhibited approximately 94 percent survival at 0.45 mg TAN/L, but only 50 percent at 0.83 


mg TAN/L.  Similar to the 2009 adult pebblesnail study, the replicates associated with the latter 


0.83 mg TAN/L treatment in particular were characterized by high variability, and therefore, 


these data were not used quantitatively in the derivation of the final ammonia CCC.  In addition, 


field-collected F. aldrichi did not reproduce in captivity and animals in the control group did not 


grow during testing.  The reported EC20 for F. aldrichi was 0.61 mg TAN/L, or 2.332 mg TAN/L 


when adjusted to pH 7.0 and 20°C, and is presented as other chronic data in Appendix C. 


 


Pyrgulopsis idahoensis (Idaho springsnail) 


Two separate 28-day tests with the de-listed (from the Federal threatened and endangered 


species list) non-pulmonate snail species, P. idahoensis, were conducted which included 


exposing juvenile organisms that were 7-9 and 11-13 weeks post-hatch (organisms in each 


cohort tested as separate replicates in the same test; test identified as test #3 in the 2009 Besser et 


al. report), as well as a cohort of mixed-age adults for all subsequent tests (test identified as test 


#5 in Besser et al. 2009).  The older life stages were chosen for testing because of the high 


control mortality demonstrated in preliminary tests using 2-3 week post-hatch P. idahoensis.  


In the 28-day test with juveniles, snails in four of the five test concentrations exhibited 


≤44.4 percent survival, whereas control survival was 100 percent; the single exception being the 


snails in the middle test concentration of 1.8 mg TAN/L, which demonstrated only 62.5 percent 


survival.  The survival EC20 reported for the test was 0.48 mg TAN/L at 20.1°C and pH 8.25, or 
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1.726 mg TAN/L when adjusted to pH 7 and 20°C, however, due to the poor concentration-


response relationship exhibited in this test, this EC20 is highly uncertain, and therefore, the data 


are included in Appendix C as “other data” and are not used in the derivation of the CCC.   


The 28-day chronic test initiated with mixed-aged adult P. idahoensis (4 to 8 months of 


age), on the other hand, resulted in an EC20 reported for the test of 3.24 mg TAN/L, or 12.39 mg 


TAN/L when adjusted to pH 7 and 20°C (Appendix C).  Comparison of the juvenile and adult P. 


idahoensis survival results indicates that juveniles are possibly the more sensitive of the two life 


stages; however, due to the unreliability of the juvenile data, specifically the irregular survival 


concentration-response relationship, such an assertion is uncertain at this time and the CVs are 


not used quantitatively in the derivation of the CCC. 


 


Taylorconcha serpenticola (Bliss Rapids snail) 


A non-pulmonate snail species listed under the Endangered Species Act, Taylorconcha 


serpenticola, was exposed to ammonia in 28-day flow-through toxicity tests as described above.  


Because T. serpenticola did not reproduce or grow well during culturing and acclimation, field-


collected organisms of “older” (adult) mixed-ages were used.  Survival of snails in the control 


treatment was 100 percent, whereas survival of snails exposed to concentrations up to 3.6 mg 


TAN/L exceeded 80 percent.  Survival of snails exposed to the highest concentration tested (7.9 


mg TAN/L) was reduced to only 30 percent.  The survival EC20 reported for T. serpenticola in 


the test was 3.42 mg TAN/L at 20.8°C and pH 8.26, or 13.08 mg TAN/L at pH 7.0 and 20°C, but 


because these snails did not grow well preceding the test, the data are also considered “other 


data” and placed in Appendix C.   


 


Pleurocera canaliculata (silty hornsnail) 


EPA sponsored a study (GLEC 2011) to independently confirm the results of the 28-day 


juvenile and adult tests performed by the USGS, Columbia, MO laboratory (i.e., Besser et al. 


2009 and Besser 2011) with non-pulmonate snails.  The USGS test results indicated that 


specialized and Federally-listed non-pulmonate gill-bearing snails, such as the Idaho springsnail, 


Bliss Rapids snail and pebblesnail, are potentially: 1) sensitive to prolonged, 28-day ammonia 


exposure, and 2) as sensitive as ammonia-sensitive freshwater unionid mussel species to such 


exposure.  The EPA-sponsored study involved a 28-day flow-through toxicity test using a more 
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widely-distributed non-pulmonate snail species, P. canaliculata.  Two other non-pulmonate snail 


species were also selected based on distribution and generalized habitat preference; however, P. 


canaliculata was the only one of the three wild-caught snail species that were successfully held 


and maintained in the laboratory for subsequent testing.  Following a protocol similar to that 


used in the USGS studies, a 28-day toxicity test of mature, mixed-age P. canaliculata was 


conducted.  The test design consisted of five ammonia test concentrations (0.9, 1.9, 3.8, 7.5, and 


15 mg TAN/L, nominal) and one control, with four replicate chambers containing six snails each 


per test concentration (N=24 snails per treatment).  Test concentrations were based on the results 


of a 96-hr range finding test with the species, which provided a 96-hr EC50 of 9.66 mg TAN/L, 


or approximately 88 mg N/L at 20°C and pH 7.0.  The endpoint for the 28-day toxicity test was 


mortality or immobilization, measured daily, the results of which were used to calculate an EC20 


(at pH 7 and 20°C) of 1.845 mg TAN/L (Appendix C).  However, due to the high degree of 


temporal variability in the measured total ammonia concentrations, as well as the unequal 


response amongst replicates at the 1.9 mg TAN/L nominal test concentration, these data were not 


used quantitatively in the derivation of the final ammonia CCC; a 28-day ammonia survival 


effect concentration of <7.667 mg TAN/L was recommended as the CV for the species which 


supports the recent findings for the pebblesnails (1.8 mm) which were re-tested and reported to 


EPA via Besser (2011). 


 


(Note: The calculated EC20 values using TRAP for P. idahoensis, F. aldrichi, and T. 


serptenticola, and the recommended 28-day ammonia survival effects concentration of <7.667 


mg TAN/L for P. canaliculata, are deemed representative of non-pulmonate snail sensitivity in 


general and are included in Appendix C for the purpose of comparison.)   


 


Lymnaea stagnalis (pulmonate pondsnail) 


The effect of ammonia in a 28-day test on survival and growth of a third freshwater snail 


species, the air-breathing L. stagnalis, was also reported in Besser et al. (2009).  The tests with L. 


stagnalis utilized organisms that were <1 week post-hatch due to the abundance of young 


produced during culturing.  L. stagnalis exposed to ammonia in a 28-day flow-through test 


exhibited approximately 98 percent survival at the highest concentration tested (8.0 mg TAN/L).  


Because of the apparent negligible effect of ammonia on growth (i.e., the magnitude of the 
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growth reduction was so small, 6 percent at 1.8 mg TAN/L and only 16 percent at 8 mg TAN/L), 


only the CV of >8.0 mg TAN/L (for survival and growth) is reported in this document for the 


test, or >28.76 mg TAN/L when adjusted to pH 7 and 20°C.  Note: For the purposes of this 


document, the CV for this test species is included in Appendix C and was not used in the 


derivation of the CCC because of the uncertainty of this value (> 28.76 mg TAN/L) as an upper 


limit SMCV for the species.  


 


Chronic Toxicity Data for Other Salmonids 


A few other chronic toxicity tests produced applicable data for salmonid species that 


were excluded from Appendix B and subsequent SMCV and GMCV calculation because either 


the exposure did not include the appropriate life stage for the species, or the tests did not meet 


other general 1985 Guidelines requirements for use in calculating the CCC.  These tests are 


summarized below and shown in Appendix C. 


The effects of water temperature and ammonia on the swimming characteristics of brook 


charr (Salvelinus fontinalis) were investigated by Tudorache et al. (2010).  Juvenile brook charr 


were exposed to four ammonia concentrations in de-chlorinated tap water for 96 hours at pH 


9.10 and 15°C.  The following swimming characteristics were measured in a 4.5 m long raceway 


following this exposure: gait transition speed, maximum swimming speed, tail-beat amplitude, 


tail-beat frequency, maximum acceleration of bursts, number of bursts, distance of bursts, and 


total swimming distance.  The most sensitive swimming parameters (maximum swimming speed 


and maximum acceleration) had a reported LOEC of 0.7765 mg TAN/L, or 10.86 mg TAN/L 


when normalized to pH 7. 


The effects of long-term exposure of ammonia on the molecular response of Atlantic 


salmon (Salmo salar) parr were investigated by Kolarevic et al. (2012).  The juvenile fish were 


exposed for 105 days to three concentrations of total ammonia nitrogen (TAN) in a flow-through 


apparatus with two different feeding regimes: full and restricted.  Average water temperature 


during the exposure was 12.1°C with a pH of 6.84.  There was no effect of ammonia exposure on 


survival, resulting in a NOEC of 32.29 mg N/L (highest concentration tested) in the full feeding 


regime.  When normalized to pH 7, the CV for this test is >30.64 mg TAN/L. 


Beamish and Tandler (1990) exposed juvenile lake trout (Salvelinus namaycush) for 60 


days on two different diets and observed a significant reduction in rate of weight gain when total 
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ammonia was 6.44 mg TAN/L at pH 8.02 and temperature was 11.6°C.  Food intake by fish was 


initially decreased at this concentration of total ammonia, but was no different from controls by 


the end of the test.  The growth LOEC for the study, when adjusted to pH 7, was calculated to be 


16.10 mg TAN/L.  Note: this test was not included in the calculation of the CCC because it was 


not a true ELS having been initiated with juvenile fish.  


 


Chronic Toxicity Data for Threatened and Endangered Fish Species 


Meyer and Hansen (2002) conducted a 30-day toxicity test with late-stage larvae (0.059 


g) of Lost River suckers (Deltistes luxatus) at pH 9.43.  The exposure duration and pH were 


chosen to represent the period of combined elevated unionized ammonia concentrations and 


elevated pH that occur during cyanobacterial blooms in surface waters of Upper Klamath Lake, 


which have been shown to last for several weeks to a month.  Survival decreased significantly at 


1.23 and 2.27 mg TAN/L, whereas the highest NOEC for all endpoints (survival, growth, body 


ions, and swimming performance) was 0.64 mg TAN/L.  Most deaths in the 2.27 mg TAN/L 


exposure occurred during the first three days of the test, while mortality of larvae in the 1.230 


mg TAN/L treatment occurred gradually from days 2 to 24.  The 29 percent average mortality in 


the 0.64 mg TAN/L treatment was all due to an unexplained complete loss of one replicate 


between days 5 and 7 of the exposure.  Control survival was > 90 percent.  The calculated LOEC 


of 1.230 mg TAN/L total ammonia normalized to pH 7 corresponds to a value of 25.31 mg 


TAN/L, substantially higher than the 2013 chronic criterion value (Appendix C). 


Fairchild et al. (2005) conducted 28-day toxicity tests with early life stages of Colorado 


pikeminnow (Ptychocheilus lucius) and razorback sucker (Xyrauchen texanus), and compared 


the results of those tests with a test using a surrogate fish species, the fathead minnow 


(Pimephales promelas).  Tests were initiated 2 days after swim-up when the larvae were feeding 


exogenously (or at 8-day post hatch for Colorado pikeminnow, 9-day post hatch for razorback 


sucker, and 4-day post-hatch for fathead minnow).  Temperature, pH and dissolved oxygen over 


the 28-day test period averaged 19.9°C, 8.24, and 7.4 mg/L (80 percent saturation) over the 


course of the three studies.  Control mortality was 7 percent (fathead minnows and Colorado 


pikeminnow) or less (3 percent, razorback sucker) on day 28.  Effect concentrations based on the 


survival and growth endpoints of the fathead minnow and razorback sucker tests were not 


different; however, growth was the more sensitive endpoint for the Colorado pikeminnow test.  
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The 28-day growth LOEC for the Colorado pikeminnow was 8.60 mg N/L, or 29.75 mg TAN/L 


at pH 7, substantially greater than the 2013 chronic criterion.  The 28-day survival LOEC for the 


razorback sucker was 13.25 mg TAN/L, or 46.58 mg TAN/L at pH 7.  Both endangered fish 


species exhibited similar sensitivity to ammonia as the fathead minnow (LOEC of 32.71 mg 


TAN/L at pH=7; see Appendix C).  The same can be said for the Lost River sucker, which 


indicates that these particular endangered fish species will be protected by the CCC value 


calculated in this 2013 AWQC Update. 


Finally, Adelman et al. (2009) conducted both acute and chronic toxicity tests with 


ammonia on the endangered Topeka shiner (Notropis topeka) and compared those values to 


chronic studies with fathead minnows.  All tests used a flow-through dosing apparatus and deep 


well water with a total hardness and alkalinity of 210-230 mg/L CaCO3, and chloride 


concentration of 0.64-1.04 mg/L. Acute survival studies with Topeka shiner lasted 96 hours and 


were conducted on two different life-stages (juvenile and adult) and at two test temperatures, 


warm, 25°C (adult and juvenile), and cold, 13°C (juvenile only).  LC50s for total ammonia 


ranged from 18.7-21.4 mg TAN/L at 25°C and 28.9 mg TAN/L at 13°C; all acute studies were 


conducted at approximately pH 8.  Normalized to pH 7, the 96-hr LC50s were 69.59 – 88.27 mg 


TAN/L at 25°C and 147.3 mg TAN/L at 13°C, both substantially greater than the acute criterion 


value of 17 mg TAN/L, respectively (see Appendix A). 


Chronic studies with Topeka shiners started with both adults and juveniles, since 


embryos were not available, and lasted 30 days.  The results of the survival and growth studies 


with juvenile Topeka shiners were compared to a 30-day juvenile survival study and 32-day 


embryo-larval study conducted with fathead minnows in the same dilution water.  The authors 


interpreted the results of the relationship between the comparative studies using Topeka shiners 


versus fathead minnows to infer what an expected result for an embryo-larval study with Topeka 


shiner would be.  Reported MATC values (normalized to pH 8, according to USEPA 1999) were 


16.95 mg TAN/L for the 30-day juvenile fathead growth test and 8.62 mg TAN/L for the 32-day 


embryo-larval survival and growth test.  Using the relationship from the results obtained between 


juvenile Topeka shiners and juvenile (growth) and embryo-larval test using fathead minnows 


(growth and survival), a 32-day embryo-larval study with Topeka shiner might be expected to 


result in a chronic value that is approximately 51% more sensitive than the 30-day juvenile 


growth test with that species, or a chronic value of approximately 5.63 mg TAN/L (i.e., the 
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reported 30-day MATC of 11.10 mg TAN/L at pH 8 based on growth of juvenile Topeka shiners 


multiplied by a factor of 0.507).  Using EPA’s TRAP (version 1.21a) the 32-day biomass EC20 


for embryo-larval fathead minnow (measured from days 7-32), 30-day adult survival EC20 for 


Topeka shiner, and 30-day juvenile specific growth rate EC20 for Topeka shiner were 7.457, 


10.85, and 6.483 mg TAN/L at test temperatures (25.5, 23.9, and 12.4°C) and pH (7.95, 7.94, 


and 8.07), respectively.  When adjusted to pH 7, the EC20s for the respective tests are 16.87 mg 


TAN/L for the fathead minnow (Appendix B), and 24.21 and 17.45 mg TAN/L for the Topeka 


shiner (Appendix C), much higher than the 2013 chronic criterion. 


 


Chronic Toxicity Data for Amphibians 


In a long term chronic study by Jofre and Karasov (1999), pre-metamorphic (Gosner 


stage 24-26) green frog (Rana clamitans) tadpoles were exposed to ammonia for 103 days under 


renewal conditions.  Tadpoles were evaluated in two different experiments conducted in 


successive years.  In the 1997 (repeat) experiment, survival and growth were not statistically 


different from controls at the highest concentration tested, or 2.2 mg TAN/L at pH 8.7 and 24°C, 


although only approximately 50 percent of the frogs survived at this concentration compared to 


the controls (98 percent survival).  Survival was reduced to approximately 78 percent at 0.9416 


mg TAN/L at test temperature and pH (or 7.149 mg TAN/L at pH 7).  Growth, measured as total 


length, was no different between treatments.  The frogs grew from an average total length of 


approximately 7.5 mm at test initiation to approximately 50 mm in all treatments.  The NOEC 


for growth of green frog tadpoles in the study (which does not reflect an ELS or partial life cycle 


test) is >16.74 mg TAN/L at pH 7. 


 







 


171 


 


Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development. 


Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development 


Reference: Organism: 


Reported or Normalized Acute 


Value Expressed as Total 


Ammonia (mg TAN/L) at pH=7 


and 20°C, Where Applicable Rationale for Omission: 


Abdalla, A.A.F. and C.D. McNabb. 1999. Acute and 


sublethal growth effects of unionized ammonia to Nile 


tilapia Oreochromis niloticus. In: Nitrogen production 


and excretion in fish. Randall D.J. and D.D. Mackinlay 


(Eds.), Department of Fisheries and Oceans, Vancouver, 


BC, Canada and Towson University, Baltimore, MD. 


pp. 35-48. 


Oreochromis niloticus Normalized LC50 = 87.0 


Species is a resident, non-North American 


"invasive" species known to cause or likely to cause 


economic or environmental harm (see ISAC 2006).  


Because the species is in the Family Centrarchidae 


which is well represented in the current acute 


criteria dataset, it has been intentionally excluded 


from further consideration and calculation of an 


acute criterion. 


Alonso, A. and J.A. Camargo. 2011. The freshwater 


planarian Polycelis felina as a sensitive species to assess 


the long-term toxicity of ammonia. Chemosphere 84: 


533-537. 


Polycelis felina Normalized 96 h LC50 = 25.72 Species not resident in North America. 


Ankley, G.T., M.K. Schubauer-Berigan and P.D. 


Monson. 1995. Influence of pH and hardness on toxicity 


of ammonia to the amphipod Hyalella azteca. Can. J. 


Fish. Aquat. Sci. 52(10): 2078-2083. 


Hyalella azteca 


Normalized 96 h LC50s: 


Softwater (Lake Superior) - 


25.51 (pH 6.50) 


47.35 (pH 7.49) 


233.4 (pH 8.21) 


Hardwater (Reconstituted-ASTM) - 


232.8 (pH 6.55) 


337.6 (pH 7.41) 


545.5 (pH 8.45) 


Ankley et al. conducted several static-renewal acute 


tests with H. azteca to determine the effect of pH 


and hardness on the toxicity of ammonia.  For the 


hardness evaluation, Ankley chose three waters for 


testing, soft water (SW; unaltered lake Superior 


water), moderately hard water (MW; hardened Lake 


Superior water), and hard water (HW; hard 


reconstituted water).  At the time, Ankley et al. 


focused only on hardness in the test waters, but the 


ion ratios in these three waters were not consistent.  


Of the three water types, only the moderately hard 


water (MW) that Ankley used is suitable for testing 


and culturing amphipods (see Appendix A for 


results).  The SW was not suitable for testing this 


species because the sodium concentration was too 


low.  Similarly, the reconstituted HW was not 


suitable because the bromide was too low. Bold 


values indicate LC50s below the cutoff of 93 mg 


TAN/L for unused, potentially influential acute 


values.  
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Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development 


Reference: Organism: 


Reported or Normalized Acute 


Value Expressed as Total 


Ammonia (mg TAN/L) at pH=7 


and 20°C, Where Applicable Rationale for Omission: 


Augspurger, T., A.E. Keller, M.C. Black, W.G. Cope 


and F.J. Dwyer. 2003. Water quality guidance for 


protection of freshwater mussels (Unionidae) from 


ammonia exposure. Environ. Toxicol. Chem. 22(11): 


2569-2575. 


Medionidus conradicus Normalized 48 h LC50 = 27.56 
48-hr glochidia test.  Secondary data from Keller 


2000 


Babu, T.R., P. Surendranath and K.V. Ramana Rao. 


1987. Comparative evaluation of DDT and fenvalerate 


toxicity on Penaeus indicus (H. Milne Edwards).   


Mahasagar 20(4): 249-253. 


Daphnia magna 


Reported LC50s: 


60 (25 h), 


32 (50 h),  


20 (100 h) 


pH not reported – LC50s could not be normalized.   


Belanger, S.E., D.S. Cherry, J.L. Farris, K.G. 


Sappington and J.J. Cairns. 1991. Sensitivity of the 


Asiatic clam to various biocidal control agents. J. Am. 


Water Works Assoc. 83(10): 79-87. 


Corbicula fluminea 


Normalized LC50s: 


23.55 (4.1 d) 


64.99 (4.2 d) 


Species is a resident, non-North American 


"invasive" species known to cause or likely to cause 


economic or environmental harm (see ISAC 2006).  


This species is the target of current eradication and 


control programs in various states, and because this 


Phylum (Mollusca) is well represented in the current 


acute criteria dataset, this species has been 


intentionally excluded from further consideration 


and calculation of an acute criterion. 


Dehedin, A., C. Piscart and P. Marmonier. 2012. 


Seasonal variations of the effect of temperature on lethal 


and sublethal toxicities of ammonia for three common 


freshwater shredders. Chemopshere In press.  


Gammarus pulex 


Normalized 96h LC50s: 


36.98  


49.31 


49.31 


69.40 


Species not resident in North America.  Control 


mortality less than 15%. 


Gammarus roeselii 


Normalized 96 h LC50s: 


2.466 


24.66 


36.98 


46.27 


46.27 


55.31 


55.31 


57.84 


Species not resident in North America.  Control 


mortality less than 15%. 
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Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development 


Reference: Organism: 


Reported or Normalized Acute 


Value Expressed as Total 


Ammonia (mg TAN/L) at pH=7 


and 20°C, Where Applicable Rationale for Omission: 


Dowden, B.F. and H.J. Bennett. 1965. Toxicity of 


selected chemicals to certain animals. J. Water Pollut. 


Control Fed. 37(9): 1308-1316. 


Daphnia magna 


Reported LC50s: 


202 (24 h),  


423 (25 h),  


161 (48 h),  


433 (50 h),  


67 (72 h),  


50 (96 h),  


202, 139 (100 h) 


pH not reported – LC50s could not be normalized. 


Lymnaea sp. 


Reported LC50s: 


241 (24 h),  


173 (48 h),  


73 (72 h),  


70 (96 h) 


pH not reported – LC50s could not be normalized. 


Ewell, W.S., J.W. Gorsuch, R.O. Kringle, K.A. 


Robillard and R.C. Spiegel. 1986. Simultaneous 


evaluation of the acute effects of chemicals on seven 


aquatic species. Environ. Toxicol. Chem. 5(9): 831-840. 


Daphnia magna 


Reported LC50 in paper = >100; 


Reported LC50 in ECOTOX = >20 


Normalized LC50 = 36.29 


Insufficient controls; pH that varied from 6.5-8.5 


during the exposure. LC50 based on a 96 h (non-


standard) test duration.  


Fairchild, J.F., A. Allert, J. Mizzi, R. Reisenburg and B. 


Waddell. 1999. Determination of a safe level of 


ammonia that is protective of juvenile Colorado 


pikeminnow in the upper Colorado River, Utah. Final 


Report.1998 Quick Response Program. U.S. Fish and 


Wildlife Service, Region 2 (Salt Lake City Office). 


Pimephales promelas Normalized LC50 = 60.12 72-hour test in well water 


Hazel, R.H., C.E. Burkhead and D.G. Huggins. 1982. 


Development of water quality criteria for ammonia and 


total residual chlorine for the protection of aquatic life in 


two Johnson County, Kansas Streams. In: J.G. Pearson, 


R.B. Foster, and W.E. Bishop (Eds.), Proc. Annu. Symp. 


Aq. Tox., ASTM STP 766, Philadelphia, PA: 381-388. 


Etheostoma spectabile 
Normalized 96 h LC50s = 83.74, 


71.12 


Same data as in Hazel (1979) – see E. spectabile in 


Appendix A.  


Hecnar, S.J. 1995. Acute and chronic toxicity of 


ammonium nitrate fertilizer to amphibians from 


Southern Ontario. Environ. Toxicol. Chem. 14(12): 


2131-2137.  


Pseudacris triseriata 


Reported values: 


4-d LC50 = 17 


4-d NOEC = 5,  


4-d LOEC = 45 


Formulation - ammonium nitrate fertilizer 
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Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development 


Reference: Organism: 


Reported or Normalized Acute 


Value Expressed as Total 


Ammonia (mg TAN/L) at pH=7 


and 20°C, Where Applicable Rationale for Omission: 


Hickey, C.W. and M.L. Vickers. 1994. Toxicity of 


ammonia to nine native New Zealand freshwater 


invertebrate species. Arch. Environ. Contam. Toxicol. 


26(3): 292-298. 


Potamopyrgus 


antipodarum 


Normalized 96 h LC50s: 


33.14 


29.79 


38.93 


36.27 


Species is a resident, non-North American 


"invasive" species known to cause or likely to cause 


economic or environmental harm (see ISAC 2006).  


This species is the target of current eradication and 


control programs in various states, and because this 


Phylum (Mollusca) is well represented in the current 


acute criteria dataset, this species has been 


intentionally excluded from further consideration 


and calculation of an acute criterion. 


Horne, F.R. and S. McIntosh. 1979. Factors influencing 


distribution of mussels in the Blanco River of Central 


Texas. Nautilus 94(4): 119-133. 


Cyrtonaias tampicoensis Normalized LC50 = 26.75 LC50 based on a 7-d (non-standard) test duration. 


Toxolasma texasensis Normalized LC50 = 26.75 LC50 based on a 7-d (non-standard) test duration. 


Corbicula manilensis Normalized LC50 = 26.75 LC50 based on a 7-d (non-standard) test duration. 


Jofre, M.B., and W.H. Karasov. 1999. Direct effect of 


ammonia on three species of North American anuran 


amphibians. Environ.Toxicol.Chem. 18(8): 1806-1812. 


Bufo americanus Normalized 96 h LC50 = 62.85 


Non-standard acute endpoint based on hatch 


success/ deformity.UIA calculated using Thurston et 


al. (1979) EPA-600/3-79-091 from measured values 


Rana clamitans Normalized 96 h LC50 = 40.80 


Non-standard acute endpoint based on hatch 


success/ deformity.UIA calculated using Thurston et 


al. (1979) EPA-600/3-79-091 from measured values 


Jofre, M.B., M.L. Rosenshield and W.H. Karasov. 2000. 


Effects of PCB 126 and ammonia, alone and in 


combination, on green frog (Rana clamitans) and 


leopard frog (R. pipiens) hatching success, development, 


and metamorphosis. J. Iowa Acad. Sci. 107(3): 113-122. 


Rana clamitans Normalized 96 h LC50 = 49.56 


Non-standard acute endpoint based on hatch 


success/ deformity. pH not reported; assume same as 


Jofre and Karasov 1999. 


Kaniewska-Prus, M. 1982. The Effect of ammonia, 


chlorine, and chloramine toxicity on the mortality of 


Daphnia magna Straus. Pol. Arch. Hydrobiol. 29(3/4): 


607-624. 


Daphnia magna Normalized LC50 = 1.980 LC50 based on a 24-h (non-standard) test duration. 


Meyer, J.S. and J.A. Hansen. 2002. Subchronic toxicity 


of low dissolved oxygen concentrations, elevated pH, 


and elevated ammonia concentrations to Lost River 


suckers. Trans. Amer. Fish. Soc. 131: 656-666. 


Deltistes luxatus 
Normalized 48 h LC50: 


78.23 


The pH for this test was reported as 9.5, which is 


outside of the acceptable pH range of (6.0-9.0) these 


criteria were meant to apply. 


Morgan, W.S.G. 1979. Fish locomotor behavior patterns 


as a monitoring tool. J. Water Pollut. Control. Fed. 


51(3): 580-589. 


Micropterus salmoides Normalized EC50 = 5.010 


Acute toxicity evaluated electronically based on 


activity. Exposure was only 24-h (non-standard) in 


test duration.  Concentrations were nominal. 


Morgan, W.S.G. 1976. Fishing for toxicity:  Biological 


automonitor for continuous water quality control. Effl. 


Water Treat. J. 16(9): 471-475. 


Micropterus salmoides Normalized EC50 = 5.010 


Added nominal concentrations equivalent to 48-h 


LC50 from previous literature values, then monitored 


opercular rhythm activity for 24 h. 
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Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development 


Reference: Organism: 


Reported or Normalized Acute 


Value Expressed as Total 


Ammonia (mg TAN/L) at pH=7 


and 20°C, Where Applicable Rationale for Omission: 


Morgan, W.S.G. and P.C. Kuhn. 1974. A method to 


monitor the effects of toxicants upon breathing rate of 


largemouth bass (Micropterus salmoides Lacepede). 


Water Res. 8(1): 67-77  


Micropterus salmoides 


Lacepede 


Normalized EC50s: 


110.3 (11 h),  


31.32 (22 h),  


110.3 (23 h),  


1.556 (44 h) 


Similar to Morgan (1976).  This is not an actual 


toxicity test.  Rather, it is a test of a monitoring 


system that relates nominal LC50 concentrations 


(based on literature values), to breathing rate 


monitored over 24 h. 


Morgan, W.S.G. 1978. The use of fish as a biological 


sensor for toxic comparison in potable water. Prog. 


Water Tech. 10: 395-398.  


Micropterus salmoides Normalized LC50 = 9.091 


Similar to other Morgan studies listed in this table 


where nominal ammonia concentrations based on 


literature LC50 concentrations are added to tanks and 


breathing rate and activity level are monitored 


electronically for 24 h. 


Passell, H.D., C.N. Dahm and E.J. Bedrick. 2007. 


Ammonia modeling for assessing potential toxicity to 


fish species in the Rio Grande, 1989-2002. Ecol. Appl. 


17(7): 2087-2099. 


Hybognathus amarus 


Secondary data; reported LC50 from 


Buhl 2002 = 1.01 mg/L unionized 


ammonia-N 


In this study the frequency of acute ammonia 


exceedances were modeled by relating discharge, 


pH, temperature, and stream ammonia 


concentrations to literature LC50 values. 


Scheller, J.L. 1997. The effect of dieoffs of Asian clams 


(Corbicula fluminea) on native freshwater mussels 


(Unionidae). Virginia Polytechnic Institute and State 


University, Blacksburg, VA. 


Corbicula fluminea 


Normalized LC50s: 


6.498 (96 h) 


11.57 (96 h) 


14.62 (96 h) 


Species is a resident, non-North American 


"invasive" species known to cause or likely to cause 


economic or environmental harm (see ISAC 2006).  


This species is the target of current eradication and 


control programs in various states, and because this 


Phylum (Mollusca) is well represented in the current 


acute criteria dataset, this species has been 


intentionally excluded from further consideration 


and calculation of an acute criterion. 


Pimephales promelas Normalized LC50 = 38.46 Non-standard (48 h) test duration. 


Watton, A.J. and H.A. Hawkes. 1984. The acute toxicity 


of ammonia and copper to the gastropod Potamopyrgus 


jenkinsi (Smith). Environ. Pollut. Ser. A 36: 17-29. 


Potamopyrgus jenkinsi 


Normalized EC50s: 


40.31 and 42.06 (48 h),  


27.60 and 27.17 (96 h) 


Species not resident in North America. 
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Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development 


Reference: Organism: 


Reported or Normalized Acute 


Value Expressed as Total 


Ammonia (mg TAN/L) at pH=7 


and 20°C, Where Applicable Rationale for Omission: 


Whiteman, F.W., G.T. Ankley, M.D. Kahl, D.M. Rau 


and M.D. Balcer.  1996.  Evaluation of interstitial water 


as a route of exposure for ammonia in sediment tests 


with benthic macroinvertebrates. Environ. Toxicol. 


Chem. 15(5): 794-801. 


Hyalella azteca 


Normalized 96 h LC50s: 


10.27 (Lake Superior water) 


11.06 (sediment test) 


72.67 (sediment test) 


Tests were fed.  The results from the two sediment 


tests were not used because sediment toxicity tests 


using pore water measurements likely underestimate 


the toxicity of ammonia in a water-only exposure, 


i.e., test animals could have been exposed to the 


higher interstitial ammonia concentrations during 


the exposurea. The 96 h LC50 for H. azteca from 


water-only exposure to Lake Superior water was not 


used from this study because the sodium 


concentration in this dilution water is too low for 


maintaining adequate animal health – see also the 


results in this appendix from Ankley et al. (1995) 


above.    
a 


For the same reason the sediment tests reported by Whiteman et al. (1996) for H. azteca were unused for criteria derivation, results from the sediment tests from Besser et al. 


(1998) were also not used. The normalized 96 h LC50s for H. azteca from the Besser et al. (1998) sediment tests were 120.5 and 321.4 mg TAN/L at pH 6.69 and 7.56, 


respectively.  Two other LC50s generated for H. azteca which are also not used for criteria derivation (due to the insufficient amount of detail provided) include values of 251.5 and 


262.7 mg TAN/L from Sarda (1994). Because these latter values exceed 93 mg TAN/L, they are considered non-influential data for the purpose of criteria derivation. 
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Appendix K.  Unused Chronic Studies Potentially Influential for Freshwater Ammonia Criteria Development 


Reference: Organism: 


Reported or Normalized Chronic Value 


Expressed as Total Ammonia (mg 


TAN/L) at pH=7 and 20°C, Where 


Applicable Rationale for Omission: 


El-Shafai, S.A., F.A. El-Gohary, F.A. Nasr, N.P. 


Vander Steen and H.J. Gijzen. 2004. Chronic 


ammonia toxicity to duckweed-fed tilapia 


(Oreochromis niloticus). Aquacult. 232(1-4): 117-


127. 


Oreochromis 


niloticus 
Normalized Chronic value = 6.881 (75 d) 


Test was a 35-day juvenile test; not a true fish ELS 


test. Species is also a resident, non-North American 


"invasive" species known to cause or likely to cause 


economic or environmental harm (see ISAC 2006). 


DeGraeve, G.M., W.D. Palmer, E.L. Moore, J.J. 


Coyle and P.L. Markham. 1987. The effect of 


temperature on the acute and chronic toxicity of 


unionized ammonia to fathead minnows and channel 


catfish. Battelle, Columbus, OH. 


Ictalurus punctatus Normalized 30-day NOEC = 0.5628 


Per the 1999 update, this 30-day test with juvenile 


catfish encountered some problems that precluded 


effective use of these data. For example, some of 


the test organisms were treated with acriflavine up 


to two days prior to the beginning of the test. In 


addition, the mean measured DO concentration was 


below 5.5 mg/L and below 60 percent of saturation 


in some of the treatments. 


Hecnar, S.J. 1995. Acute and chronic toxicity of 


ammonium nitrate fertilizer to amphibians from 


Southern Ontario. Environ. Toxicol. Chem. 14(12): 


2131-2137.  


Pseudacris 


triseriata 


Reported values: 


100-d NOEC = 2.5, 


100-d LOEC = 10 


Formulation - ammonium nitrate fertilizer. 


Hermanutz, R.O., S.F. Hedtke, J.W. Arthur, R.W. 


Andrew and K.N. Allen. 1987. Ammonia effects on 


macroinvertebrates and fish in outdoor experimental 


streams. Environ. Pollut. 47: 249-283. 


Ictalurus punctatus Normalized NOEC = 4.369 


Survival and growth of juvenile channel catfish 


were evaluated via exposure to ammonia in 


experimental streams. Three separate tests lasted 


from 36 to 177 days and were started with 


individuals whose average weights ranged from 6 


to 19 g. Average temperatures in the three tests 


were 17 to 21°C. Both of the longer tests showed 


monotonic, substantial reductions in biomass; these 


results are in reasonable agreement with the results 


of the laboratory tests. However, juveniles might 


not be as sensitive to ammonia toxicity as early life 


stages are. These results are not included because 


they are from a field study where ammonia 


concentrations were highly variable. 


Sander vitreus Normalized NOEC = 4.182 
Omitted for the same reasons as was Ictalurus 


punctatus. 
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Reference: Organism: 


Reported or Normalized Chronic Value 


Expressed as Total Ammonia (mg 


TAN/L) at pH=7 and 20°C, Where 


Applicable Rationale for Omission: 


Hickey, C.W., L.A. Golding, M.I. Martin and G.F. 


Croker. 1999. Chronic toxicity of ammonia to New 


Zealand freshwater invertebrates: A mesocosm 


study. Arch. Environ. Contam. Toxicol. 37:338-351. 


Deleatidium sp. 


(Ephemeroptera) 


Normalized 29-day EC25 (survival) = 


3.844 


Species not resident in North America. These 


results are not included because they are from a 


field study where ammonia concentrations were 


highly variable. 


Rice, S.D. and J.E. Bailey. 1980. Survival, size, and 


emergence of pink salmon, Oncorhynchus 


gorbuscha, alevins after short- and long-term 


exposures to ammonia. Fish. Bull. 78(3):641-648. 


Oncorhynchus 


gorbuscha 
Normalized 61-d NOEC = 5.859 


Per the 1999 update, the only chronic test began 


sometime after hatch and ended when the alevins 


emerged (i.e., at the beginning of swim-up); 


therefore the test did not include effects of 


ammonia on the growth and survival of fry after 


feeding started. In addition, no information was 


given concerning survival to the end of the test in 


the control or any other treatment. This test did not 


provide data concerning survival and is not an ELS 


test because it began after hatch. 


Schulter, M. and J. Groeneweg. 1985. The inhibition 


by ammonia of population growth of the rotifer, 


Brachionus rubens, in continuous culture. 


Aquaculture 46: 215-220. 


Brachionus rubens Normalized 7-d NOEC = 3.000 


Species is not resident in North America. Generally 


a marine Rotifera.  Undescribed culture medium. 


NOEC based on population growth of cultures. 


Smith, C.E. 1972. Effects of metabolic products on 


the quality of rainbow trout. Am. Fish. Trout News 


17:7-8. 


Oncorhynchus 


mykiss 
Normalized 84-d NOEC = 2.304 


This test did not provide data concerning survival 


and is not an ELS test because it began after hatch.  


The authors reported that as long as the DO 


concentration was maintained at 5 mg/L or greater, 


growth of young rainbow trout was not 


significantly reduced until average total ammonia 


concentrations reached 1.6 mg TAN/L at test pH 


and temperature (7.75 and 10°C, respectively). 


Zischke, J.A. and J.W. Arthur.  1987. Effects of 


elevated ammonia levels on the fingernail clam, 


Musculium transversum, in outdoor experimental 


streams. Arch. Environ. Contam. Toxicol. 16(2): 


225-231. 


Musculium 


transversum 
Normalized LOEC = 6.933 (survival) 


This was a flow-through, measured mesocosm 


experiment performed in the field.  The test 


concentrations varied during the length of the 


experiment. 
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Appendix L.  Unused (Non-Influential) Acute and Chronic Studies for Freshwater 


Ammonia Criteria Development – Screened Out Studies with Code List. 


(appears separately at end of appendix) 


 
Appendix L.  Unused (Non-influential) Acute and Chronic Studies for Freshwater Ammonia Criteria Development 


Citation 


ECOTOX or 
Other 


Ref. No 
Rejection 
Code(s) Comment(s) 


Academy of Natural Sciences. 1960. The sensitivity of 
aquatic life to certain chemicals commonly found in 
industrial wastes. Final Report No. RG-3965 (C2R1). U.S. 
Public Health Service Grant, Academy of Natural 
Sciences, Philadelphia, PA. 5683 AF  


Alabaster, J.S., D.G. Shurben and G. Knowles. 1979. The 
effect of dissolved oxygen and salinity on the toxicity of 
ammonia to smolts of salmon, Salmo salar L. J. Fish 
Biol.15(6): 705-712 (Personal Communication Used). 406 Dur - 1d  


Alabaster, J.S., D.G. Shurben and M.J. Mallett. 1983. The 
acute lethal toxicity of mixtures of cyanide and ammonia to 
smolts of salmon, Salmo salar L. at low concentrations of 
dissolved oxygen. J. Fish Biol. 22: 215-222. 10252 Dur - 1d  


Alam, M., T.L. Frankel and M. Alam. 2006. Gill ATPase 
activities of silver perch, Bidyanus bidyanus (Mitchell), and 
golden perch, Macquaria ambigua (Richardson):  Effects of 
environmental salt and ammonia. Aquaculture 251(1): 118-
133.  84839 NonRes  


Allan, I.R.H., D.W.M. Herbert and J.S. Alabaster. 1958. A 
field and laboratory investigation of fish in a sewage 
effluent. Minist. Agric. Fish. Food, Fish. Invest. Ser. 1. 6(2): 
76. 10316 AF, Det  


Alonso, A. and J.A. Camargo. 2003. Short-term toxicity to 
ammonia, nitrite, and nitrate to the aquatic snail 
Potamopyrgus antipodarum (Hydrobiidae, Mollusca). Bull. 
Environ. Contam. Toxicol. 70: 1006-1012  INV  


Alonso, A. and J.A. Camargo. 2006. Ammonia toxicity to 
the freshwater invertebrates Polycelis felina (Planariidae, 
Turbellaria) and Echinogammarus echinosetosus 
(Gammaridae, Crustacea). Fresenius Environ. Bull. 
15(12b): 1578-1583.  NonRes  


Arillo, A., B. Uva and M. Vallarino. 1981. Renin activity in 
rainbow trout (Salmo gairdneri Rich.) and effects of 
environmental ammonia. Comp. Biochem. Physiol. A 
68(3): 307-311. 5704 Dur - 2d  


Armstrong, D.A. 1978. Toxicity and metabolism of nitrogen 
compounds: Effects on survival, growth and 
osmoregulation of the prawn, Macrobrachium rosenbergii. 
Ph.D. Thesis, University of California, Davis, CA. (Personal 
Communication Used). 5620 Dur - 1d  


Bailey, H.C., C. DiGiorgio, K. Kroll, J.L. Miller, D.E. Hinton 
and G. Starrett. 1996. Development of procedures for 
identifying pesticide toxicity in ambient waters:  
Carbofuran, diazinon, chlorpyrifos. Environ. Toxicol. Chem. 
15(6): 837-845. 16844 AF  


Ball, I.R. 1967. The relative susceptibilities of some 
species of fresh-water fish to poisons - I. Ammonia. Water 
Res. 1(11/12): 767-775. 10000 Dur  


Banerjee, S. and S. Bhattacharya. 1994. Histopathology of 
kidney of Channa punctatus exposed to chronic nonlethal 
level of elsan, mercury, and ammonia. Ecotoxicol. Environ. 
Saf. 29(3): 265-275. 13750 


NonRes, Eff, 
UEndp  
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Citation 


ECOTOX or 
Other 


Ref. No 
Rejection 
Code(s) Comment(s) 


Banerjee, S. and S. Bhattacharya. 1995. Histopathological 
changes induced by chronic nonlethal levels of elsan, 
mercury, and ammonia in the small intestine of Channa 
punctatus (Bloch). Ecotoxicol. Environ. Saf. 31(1): 62-68. 15256 


NonRes, Eff, 
UEndp  


Banerjee, S. and S. Bhattacharya. 1997. Histopathological 
changes induced by chronic nonlethal levels of elsan, 
mercury and ammonia in the liver of Channa punctatus 
(Bloch). J. Environ. Biol. 18(2): 141-148. 18229 


NonRes, Eff, 
UEndp  


Banerjee, T.K. and V.I. Paul. 1993. Estimation of acute 
toxicity of ammonium sulphate to the fresh water catfish, 
Heteropneustes fossilis II. A histopathological analysis of 
the epidermis. Biomed. Environ. Sci. 6(1): 45-58. 13480 NonRes, UEndp  


Batley, G.E. and S.L. Simpson. 2009. Development of 
guidelines for ammonia in estuarine and marine water 
systems. Mar. Pollut. Bull. 58(10): 1472-1476.  Dilut Salt water 


Bergerhouse, D.L. 1989. Lethal effects of elevated pH and 
ammonia on early life stages of several sportfish species. 
Ph.D. Thesis, Southern Illinois University, Carbondale, IL. 3822 UEndp, Dur - 8h  


Bergerhouse, D.L. 1992. Lethal effects of elevated pH and 
ammonia on early life stages of walleye. N. Am. J. Fish. 
Manage. 12(2): 356-366. 6903 UEndp, Dur - 8h  


Bergerhouse, D.L. 1993. Lethal effects of elevated pH and 
ammonia on early life stages of hybrid striped bass. J. 
Appl. Aquacult. 2(3/4): 81-100. 4290 UEndp, Dur - 8h  


Besser, J.M., W.G. Brumbaugh, A.L. Allert, B.C. Poulton, 
C.J. Schmitt and C.G. Ingersoll. 2009. Ecological impacts 
of lead mining on Ozark streams: Toxicity of sediment and 
pore water. Ecotoxicol. Environ. Saf. 72(2): 516-526.    Tox  


Bhattacharya, T., S. Bhattacharya, A.K. Ray and S. Dey. 
1989. Influence of industrial pollutants on thyroid function 
in Channa punctatus (Bloch). Indian J. Exp. Biol. 27(1): 65-
68. 3106 


NonRes, AF, 
UEndp, Dur - 1d  


Biswas, J.K., D. Sarkar, P. Chakraborty, J.N. Bhakta and 
B.B. Jana. 2006. Density dependent ambient ammonium 
as the key factor for optimization of stocking density of 
common carp in small holding tanks. Aquaculture 261(3): 
952-959.   


No Dose, 
VarExp 


Only 1 exposure concentration 
(naturally increased over time) 


Blanco S., S. Romo, M. Fernandez-Alaez and E. Becares. 
2008. Response of epiphytic algae to nutrient loading and 
fish density in a shallow lake: A mesocosm experiment. 
Hydrobiologia 600(1): 65-76.   Tox Mesocosm; no ammonia 


Boone, M.D., R.D. Semlitsch, E.E. Little and M.C. Doyle. 
2007. Multiple stressors in amphibian communities: Effects 
of chemical contamination, bullfrogs, and fish. Ecol. Appl. 
17(1): 291-301.   Tox  


Braun, M.H., S.L. Steele and S.F. Perry. 2009. The 
responses of zebrafish (Danio rerio) to high external 
ammonia and urea transporter inhibition: Nitrogen 
excretion and expression of rhesus glycoproteins and urea 
transporter proteins. J. Exp. Biol. 212(pt. 23): 3846-3856.  NonRes  


Brun, F.G., I. Olive, E.J. Malta, J.J. Vergara, I. Hernandez 
and J.L. Perez-Llorens. 2008. Increased vulnerability of 
Zostera noltii to stress caused by low light and elevated 
ammonium levels under phosphate deficiency. Mar. Ecol. 
Prog. Ser. 365: 67-75.   Tox  
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Citation 


ECOTOX or 
Other 


Ref. No 
Rejection 
Code(s) Comment(s) 


Buikema, A.L., Jr., J. Cairns, Jr. and G.W. Sullivan. 1974. 
Evaluation of Philodina acuticornis (Rotifera) as bioassay 
organisms for heavy metals. Water Resour. Bull. 10(4): 
648-661. 2019 Dur  


Burrows, R.E. 1964. Effects of accumulated excretory 
products on hatchery-reared salmonids. Res. Rep. No. 66. 
U.S. Fish Wildl. Serv., Washington, DC. 10002 Uenpd  


Cairns, J., Jr. and A. Scheier. 1959. The relationship of 
bluegill sunfish body size to tolerance for some common 
chemicals. Proc. 13th Ind. Waste Conf., Purdue Univ. Eng. 
Bull. 96: 243-252. 930 AF  


Cairns, J., Jr., B.R. Niederlehner and J.R. Pratt. 1990. 
Evaluation of joint toxicity of chlorine and ammonia to 
aquatic communities. Aquat. Toxicol. 16(2): 87-100. 3207 Ace, No Org  


Camargo, J.A. and I. Alonso. 2006. Ecological and 
toxicological effects of inorganic nitrogen pollution in 
aquatic ecosystems: A global assessment. Environ. 
Internat. 32(6): 831-849.   Sec  


Cao, T., P. Xie, L. Ni, M. Zhang and J. Xu. Carbon and 
nitrogen metabolism of an eutrophication tolerative 
macrophyte, Potamogeton crispus, under NH4+ stress and 
low light availability. Environ. Exper. Bot. In Press, 
Corrected Proof.   No Dose Only 1 exposure concentration 


Carey, R.O., K.W. Migliaccio and M.T. Brown.  2011.  
Nutrient discharges to Biscayne Bay, Florida: Trends, 
loads, and a pollutant index. Sci. Total. Environ. 409(3): 
530-539.  No Dose Fate 


Carr, R.S., J.M. Biedenbach and M. Nipper. 2006. 
Influence of potentially confounding factors on sea urchin 
porewater toxicity tests. Arch. Environ. Contam. Toxicol. 
51(4): 573-579.   Tox  


Centeno, M.D.F., G. Persoone and M.P. Goyvaerts. 1995. 
Cyst-based toxicity tests.  IX. The potential of 
Thamnocephalus platyurus as test species in comparison 
with Streptocephalus proboscideus (Crustacea:  
Branchiopoda:  Anostraca). Environ. Toxicol. Water Qual. 
10(4): 275-282. 14017 AF, Dur - 1d  


Chetty, A.N. and K. Indira. 1994. Alterations in the tissue 
lipid profiles of Lamellidens marginalis under ambient 
ammonia stress. Bull. Environ. Contam. Toxicol. 53(5): 
693-698. 13744 


NonRes, Dur - 
2d Freshwater bivalve mollusk 


Colt, J.E. 1978. The effects of ammonia on the growth of 
channel catfish, Ictalurus punctatus. Ph.D. Thesis, Univ. of 
California, Davis, CA. 59792 UChron, Sec 


Data also published in Colt and 
Tchobanoglous (1978) 


Corpron, K.E. and D.A. Armstrong. 1983. Removal of 
nitrogen by an aquatic plant, Elodea densa, in recirculating 
macrobrachium culture systems. Aquaculture 32(3/4): 347-
360. 15323 UEndp, Con Plant 


Craig, G.R. 1983. Interlaboratory fish toxicity test 
comparison - Ammonia. Environ. Protection Service, 
Quality Protection Section, Water Resour. Branch, 
Canada. 10259 AF  


Cucchiari, E., F. Guerrini, A. Penna, C. Totti and R. 
Pistocchi. 2008. Effect of salinity, temperature, organic and 
inorganic nutrients on growth of cultured Fibrocapsa 
japonica (Raphidophyceae) from the northern Adriatic Sea. 
Harmful Algae 7(4): 405-414.   Tox  
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Citation 


ECOTOX or 
Other 


Ref. No 
Rejection 
Code(s) Comment(s) 


Da Silva, J.M., J. Coimbra and J.M. Wilson. 2009. 
Ammonia sensitivity of the glass eel (Anguilla anguilla L.): 
Salinity dependence and the role of a branchial 
sodium/potassium adenosine triphosphatase. Environ. 
Toxicol. Chem. 28(1): 141-147.  NonRes  


Dabrowska, H. and H. Sikora. 1986. Acute toxicity of 
ammonia to common carp (Cyprinus carpio L.). Pol. Arch. 
Hydrobiol. 33(1): 121-128. 12711 Dur - 2d  


Danecker, E. 1964. The jauche poisoning of fish - An 
ammonia poisoning. Osterreichs Fischerei. 3/4: 55-68 
(ENG TRANSL). 10305 AF, UEndp, Dur  


Daniels, S.M., M.G. Evans , C.T. Agnew and T.E.H. Allott. 
2012. Ammonium release from a blanket peatland into 
headwater stream systems. Environ. Pollut. 163(0): 261-
272.  No Dose Fate 


Daoust, P.Y. and H.W. Ferguson. 1984. The pathology of 
chronic ammonia toxicity in rainbow trout, Salmo gairdneri 
Richardson. J. Fish Dis. 7: 199-205. 10217 UEndp, Eff  


Dayeh, V.R., K. Schirmer and N.C. Bols. 2009. Ammonia-
containing industrial effluents, lethal to rainbow trout, 
induce vacuolization and neutral red uptake in the rainbow 
trout gill cell line, RTgill-W1.  Altern. Lab. Anim. 37(1): 77-
87.  In Vit  


De Moor, I.J. 1984. The toxic concentration of free 
ammonia to Brachionus calyciflorus Pallas, a rotifer pest 
species found in high rate algal ponds (HRAP'S). J. Limnol. 
Soc. South Afr. 10(2): 33-36. 5433 UEndp  


Dendene, M.A., T. Rolland, M. Tremolieres and R. 
Carbiener. 1993. Effect of ammonium ions on the net 
photosynthesis of three species of elodea. Aquat. Bot. 
46(3/4): 301-315. 4268 UEndp Plant 


Dey, S. and S. Bhattacharya. 1989. Ovarian damage to 
Channa punctatus after chronic exposure to low 
concentrations of elsan, mercury, and ammonia. 
Ecotoxicol. Environ. Saf. 17(2): 247-257. 446 AF, Dur - 2d  


DeYoe H.R., E.J. Buskey and F.J. Jochem. 2007. 
Physiological responses of Aureoumbra lagunensis and 
Synechococcus sp. to nitrogen addition in a mesocosm 
experiment. Harmful Algae 6(1): 48-55.   No Dose Only one exposure concentration 


Dhanasiri, A.K., V. Kiron, J.M. Fernandes, O. Bergh and 
M.D. Powell.  Novel application of nitrifying bacterial 
consortia to ease ammonia toxicity in ornamental fish 
transport units: Trials with zebrafish. J. Appl. Microbiol. 
111(2): 278-292.  UEndp  


Diamond, J.M., S.J. Klaine and J.B. Butcher. 2006. 
Implications of pulsed chemical exposures for aquatic life 
criteria and wastewater permit limits. Environ. Sci. Technol. 
40(16): 5132-5138.  102216 


No Dose, Dur, 
VarExp Only 2 exposure concentrations 


dos Miron, D., B. Moraes, A.G. Becker, M. Crestani, R. 
Spanevello, V.L. Loro and B. Baldisserotto. 2008. 
Ammonia and pH effects on some metabolic parameters 
and gill histology of silver catfish, Rhamdia quelen 
(Heptapteridae). Aquaculture 277(3-4): 192-196.   NonRes  


Dowden, B.F. and H.J. Bennett. 1965. Toxicity of selected 
chemicals to certain animals. J. Water Pollut. Control Fed. 
37(9): 1308-1316. 915 AF  
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Citation 


ECOTOX or 
Other 


Ref. No 
Rejection 
Code(s) Comment(s) 


Dowden, B.F. 1961. Cumulative toxicities of some 
inorganic salts to Daphnia magna as determined by 
median tolerance limits. Proc. LA. Acad. Sci. 23: 77-85. 2465 AF  


Drath, M., N. Kloft, A. Batschauer, K. Marin, J. Novak and 
K. Forchhammer. 2008. Ammonia triggers photodamage of 
photosystem II in the cyanobacterium Synechocystis sp. 
strain Pcc 6803. Plant Physiol. 147(1): 206-215.   No Dose 


Only 1 or 2 exposure 
concentrations at a specific pH 


D'Silva, C. and X.N. Verlencar. 1976. Relative toxicity of 
two ammonium compounds found in the waste of fertilizer 
plants. Mahasagar 9(1/2): 41-44. 6084 Dur - 2d  


Egea-Serrano, A., M. Tejedo and M. Torralva. 2008. 
Analysis of the avoidance of nitrogen fertilizers in the water 
column by juvenile Iberian water frog, Pelophylax perezi 
(Seoane, 1885), in laboratory conditions. Bull. Environ. 
Contam. Toxicol. 80(2): 178-183.  103070 


NonRes, Tox, 
No Dose Only one exposure concentration 


Fairchild II, E.J. 1954. Effects of lowered oxygen tension 
on the susceptibility of Daphnia magna to certain inorganic 
salts. Ph.D. Thesis, Louisiana State Univ., LA. 134 p.  Dilut, Dur, AF  


Fairchild II, E.J. 1955. Low dissolved oxygen: Effect upon 
the toxicity of certain inorganic salts to the aquatic 
invertebrate Daphnia magna. In: Proc. 4


th
 Ann. Water 


Symp., March 1955, Baton Rouge, LA, Eng. Expt. Stat. 
Bull. 51: 95-102.  115940 Dilut, Dur, AF  


Fang, J.K.H., R.S.S. Wu, A.K.Y. Chan, C.K.M. Yip and 
P.K.S. Shin. 2008. Influences of ammonia-nitrogen and 
dissolved oxygen on lysosomal integrity in green-lipped 
mussel Perna viridis: Laboratory evaluation and field 
validation in Victoria Harbour, Hong Kong. Mar. Pollut. Bull. 
56(12): 2052-2058.   No Dose Only one exposure concentration 


Fedorov, K.Y. and Z.V. Smirnova. 1978. Dynamics of 
ammonia accumulation and its effect on the development 
of the pink salmon, Oncorhynchus gorbuscha, in closed 
circuit incubation systems. Vopr. Ikhtiol. 19(2): 320-328. 5478 UEndp  


Flagg, R.M. and L.W. Hinck. 1978. Influence of ammonia 
on aeromonad susceptibility in channel catfish. Proc. Annu. 
Conf. Southeast. Assoc. Fish Wildl. Agencies 32: 415-419. 10317 UEndp  


Flis, J. 1963. Anatomicohistopathological changes induced 
in carp (Cyprinus carpio L.) by ammonia water. Part 1. 
Effects of toxic concentrations. Zmiany. Acta Hydrobiol. 
10(1/2): 205-224. 10005 UEndp, Dur - 1d  


Foss, A., A.K. Imsland, B. Roth, E. Schram and S.O. 
Stefansson. 2007. Interactive effects of oxygen saturation 
and ammonia on growth and blood physiology in juvenile 
turbot. Aquaculture 271(1-4): 244-251.  No Dose Only 2 exposure concentrations 


Foss, A., A.K. Imsland, B. Roth, E. Schram and S.O. 
Stefansson. 2009. Effects of chronic and periodic exposure 
to ammonia on growth and blood physiology in juvenile 
turbot (Scophthalmus maximus). Aquaculture 296(1/2): 45-
50.  NonRes  


Ge, F., Y. Xu, R. Zhu, F. Yu, M. Zhu and M. Wong. 2010. 
Joint action of binary mixtures of cetyltrimethyl ammonium 
chloride and aromatic hydrocarbons on Chlorella vulgaris.  
Ecotoxicol. Environ. Saf. 73(7): 1689-1695.  Tox  


Gohar, H.A.F. and H. El-Gindy. 1961. Tolerance of vector 
snails of bilharziasis and fascioliasis to some chemicals. 
Proc. Egypt. Acad. Sci. 16: 37-48. 115940 NonRes  
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Citation 


ECOTOX or 
Other 


Ref. No 
Rejection 
Code(s) Comment(s) 


Golding, C., R. Krassoi and E. Baker. 2006. The 
development and application of a marine Toxicity 
Identification Evaluation (TIE) protocol for use with an 
Australian bivalve. Australas. J. Ecotoxicol. 12(1): 37-44.  108468 Tox, No Dose Only one exposure concentration 


Goncalves, A.F., I. Pascoa, J.V. Neves, J. Coimbra, M.M. 
Vijayan, P. Rodrigues and J.M Wilson. 2012. The inhibitory 
effect of environmental ammonia on Danio rerio LPS 
induced acute phase response. Dev. Comp. Immunol. 
36(2): 279-288.  NonRes  


Griffis-Kyle, K.L. and M.E. Ritchie. 2007. Amphibian 
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in the teleost, Channa punctatus (Bloch). Bull. Environ. 
Contam. Toxicol. 41(6): 880-887. 2649 


NonRes, AF, 
UEndp, Dur  


Ramachandran, V. 1960. Observations on the use of 
ammonia for the eradication of aquatic vegetation. J. Sci. 
Ind. Res.19C: 284-285; Chem. Abstr. 55 (1961). 626 AF, UEndp, Dur Plant 


Rani, E.F., M. Elumalal and M.P. Balasubramanian. 1998. 
Toxic and sublethal effects of ammonium chloride on a 
freshwater fish Oreochromis mossambicus. Water Air Soil 
Pollut. 104(1/2): 1-8. 19157 UChron  


Rao, V.N.R. and G. Ragothaman. 1978. Studies on 
Amphora coffeaeformis II. Inorganic and organic nitrogen 
and phosphorus sources for growth. Acta Bot. Indica 
6(Supp l): 146-154. 5449 AF, UEndp, Dur Plant 
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Citation 


ECOTOX or 
Other 


Ref. No 
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Code(s) Comment(s) 
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3d  
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report 
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Dur  
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relation to fish growth exposed to ammonium sulphate. J. 
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ECOTOX or 
Other 


Ref. No 
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Code(s) Comment(s) 
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Schubauer-Berigan, M.K., P.D. Monson, C.W. West and 
G.T. Ankley. 1995. Influence of pH on the toxicity of 
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ECOTOX or 
Other 


Ref. No 
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Code(s) Comment(s) 
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Soderberg, R.W., J.B. Flynn and H.R. Schmittou. 1983. 
Effects of ammonia on growth and survival of rainbow trout 
in intensive static-water culture. Trans. Am. Fish. Soc. 
112(3): 448-451. 15728 AF, UEndp, Dur  


Solomonson, L.P. 1970. Effects of ammonia and some of 
its derivatives on photosynthesis in the blue-green alga, 
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Aquat. Toxicol. 90(4): 300-309.   Det Dilution water not described 
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Thomas, J.D., M. Powles and R. Lodge. 1976. The 
chemical ecology of Biomphalaria glabrata: The effects of 
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ECOTOX or 
Other 


Ref. No 
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Tng, Y.Y., S.F. Chew, N.L. Wee, F.K. Wong, W.P. Wong, 
C.Y. Tok and Y.K. Ip. 2009. Acute ammonia toxicity and 
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1980. Effects of environmental pH and calcium on 
ammonia toxicity in channel catfish. Trans. Am. Fish. Soc. 
109(2): 229-234 (Personal Communication Used). 410 Dur - 1d  


Tonapi, G.T. and G. Varghese. 1984. Cardiophysiological 
responses of the crab, Berytelphusa cunnicularis 
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2d  
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Plant 
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Detail (pH, temp, etc. not 
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oxidative stress in leaves of the submerged macrophyte 
Vallisneria natans (Lour.) Hara. Aquat. Toxicol. 87(2): 88-
98.   NonRes  
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UK. pp. 76-81. 2514 UEndp, Dur  
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AF, Dur - 2d, 
UEndp  
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NonRes, No 
Dose Only 2 exposure concentrations 
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toad (Bufo bufo) tadpoles. Arch. Environ. Contam. Toxicol. 
32(3): 298-303. 17840 AF, UEndp, Dur  
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Respir. Physiol. Neurobiol. 168(3): 261-271.  RouExp  
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microalgae Pseudokirchneriella subcapitata. Environ. 
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Corresponding Code List 


ABIOTIC FACTOR 
(AF) 


Studies where one or both of the two abiotic factors (pH and temperature) important for ammonia criteria 
derivation are not reported. 


ACELLULAR 
(Ace) 


Studies of acellular organisms (protozoa) and yeast. 


BACTERIA 
(Bact) 


Studies describing only the results on bacteria. 


BIOMARKER 
(Biom) 


Studies reporting results for a biomarker having no reported association with a biologically significant 
adverse effect (survival, growth, or reproduction of an individual or population) and an exposure dose (or 
concentration). 


CONTROL 
(Con) 


Studies where control mortality is insufficient or unsatisfactory, i.e., where survival is less than 90% in 
acute tests or 80% in chronic tests; or where no control is used. 


DETAIL 
(Det) 


Insufficient detail regarding test methodology or statistical analysis. 


DURATION 
(Dur) 


Laboratory and field studies where duration of exposure is inappropriate (e.g., too short) for the type of 
test (i.e., acute or chronic), or was not reported or could not be easily estimated. 


EFFLUENT  
(Efflu) 


Studies reporting only effects of effluent, sewage, or polluted runoff where individual pollutants are not 
measured. 


EFFECT 
(Eff) 


Studies where the biologically significant adverse effect was not survival, growth, or reproduction of an 
individual or population. 


ENDPOINT 
(UEndp) 


Studies reported in ECOTOX where an endpoint (LC50, EC50, NOEC, LOEC, MATC, EC20, etc.) was 
not provided, where none of the concentrations tested in a chronic test were deleterious (no LOEC); or 
where all concentrations tested in a chronic test caused a statistically significant adverse effect (no 
NOEC). 


FIELD 


(Field) 


Chronic, long-term studies conducted in a field setting (stream segment, pond, etc.) where source/dilution 
water is not characterized for other possible contaminants. 


FORMULATION 
(Form) 


Studies where the chemical is a primary ingredient in a commercial formulation, e.g., biocide, fertilizer, 
etc. 


INVASIVE [Harmful] 


(INV) 


Defined in this document as a species that is non-native to the ecosystem under consideration and 
whose introduction causes or is likely to cause economic or environmental harm or harm to human health 
(see ISAC 2006). 


IN VITRO 
(In Vit) 


In vitro studies, including only exposure of the chemical to cell cultures and excised tissues and not 
related to whole organism toxicity. 


LETHAL TIME 
(LT) 


Laboratory studies reporting only lethal time to mortality, except under special conditions (no other 
applicable information is available for species pivotal in making a finding). 


NO DOSE or CONC 
(No Dose or Conc) 


Studies with too few concentrations to establish a dose-response, or no usable dose or concentration 
reported in either primary or sister article(s), except under special conditions (no other applicable 
information is available for species pivotal in making a finding). 


NOMINAL 
(Nom) 


Chronic studies where test concentrations were not measured. 


NON-RESIDENT 


(NonRes) 


Species that are not resident to North America, or where there is no reported evidence of their 
reproducing naturally in North America. 


NO ORGANISM 
(No Org) 


Laboratory and field studies where no one organism is studied (e.g., periphyton community) or where no 
scientific/common name is given in either a primary or sister article(s).  


PURITY 
(Pur) 


Studies where the chemical purity of the toxicant was less than 80% pure (active ingredient). 


ROUTE OF EXPOSURE 
(RouExp) 


Dietary or un-natural exposure routes for aquatic chemicals, e.g., injection, spray, inhalation. 


Secondary 


(Sec) 
Non-original data first reported elsewhere. 


Sediment Exposure 


(SedExp) 
Sediment-based toxicity test and method. 


TOXICANT 
(Tox) 


Inappropriate form of toxicant used or none identified in a laboratory or field study. Note: Inappropriate 
form includes mixtures. 


UNACCEPTABLE CHRONIC 


(UChron) 


Chronic studies which were not based on flow-through exposures (exception for cladocerans and other 
small, planktonic organisms where test water is continuously renewed), where test concentrations were 
not measured, or when the chronic test did not include the appropriate test duration for the organism and 
life-stage tested. 
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UNUSUAL DILUTION 
WATER 
(Dilut) 


Laboratory or field studies where the dilution water contained unusual amounts or ratios of inorganic ions 
or was without addition of appropriate salts (i.e., distilled or de-ionized water). 


VARIABLE EXPOSURE 
(VarExp) 


Excessive variability in contaminant concentrations during the exposure period. 


WATER QUALITY 


(WatQual) 


Studies where the measured test pH is below 6 or greater than 9, where dissolved oxygen was less than 
40% saturation for any length of time, or where total or dissolved organic carbon is greater than 5 mg/L. 
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Appendix M.  1999 Re-examination of Temperature Dependence of Ammonia Toxicity. 


 


 This section presents the temperature analysis published in the 1998 Update, followed by 


the re-analysis performed for the 1999 Update and reproduced here as background information.  


Figure and table numbers are preceded by an ‘M’ in this appendix, in order to distinguish them 


from tables and figures in the main document. 


 


1998 Analysis of Temperature-Dependence 


 The 1984/1985 ammonia criteria document identified temperature as an important factor 


affecting the toxicity of ammonia.  When expressed in terms of unionized ammonia, the acute 


toxicity of ammonia was reported in the criteria document to be inversely related to temperature 


for several species of fish, whereas limited data on acute ammonia toxicity to invertebrates 


showed no significant temperature dependence.  No direct data were available concerning the 


temperature dependence of chronic toxicity.  It was noted, however, that the differences between 


chronic values for salmonid fish species tested at low temperatures and chronic values for 


warmwater fish species tested at higher temperatures paralleled differences in acute toxicity 


known to be caused by temperature.  


 In the 1984/1985 criteria document, an average temperature relationship observed for fish 


was used to adjust fish acute toxicity data to a common temperature (20°C) for derivation of the 


CMC for unionized ammonia; this same relationship was used to extrapolate this CMC to other 


temperatures.  (Invertebrate toxicity data were not adjusted, but invertebrates were sufficiently 


resistant to ammonia that adjustment of invertebrate data was not important in the derivation of 


the CMC.)  This temperature relationship for fish resulted in the unionized ammonia CMC being 


higher at warm temperatures than at cold temperatures.  Additionally, because of concerns about 


the validity of extrapolating the temperature relationship to high temperatures, the unionized 


ammonia CMC was "capped" to be no higher than its value at a temperature, called TCAP, near 


the upper end of the temperature range of the acute toxicity data available for warmwater and 
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coldwater fishes.  Similarly, the CCC was capped at a temperature near the upper end of the 


temperature range of the available chronic toxicity data. 


 Although the unionized ammonia criterion is lower at low temperatures, this does not 


result in more restrictive permit limits for ammonia because the ratio of ammonium ion to 


unionized ammonia increases at low temperatures, resulting in the total ammonia criterion being 


essentially constant at temperatures below TCAP.  In practice, however, the criterion at low 


temperatures can be more limiting for dischargers than the criterion at high temperatures because 


biological treatment of ammonia is more difficult at low temperatures.  Above TCAP, the 


constant unionized ammonia criterion results in the total ammonia criterion becoming 


progressively lower with increasing temperature, which can also result in restrictive discharge 


limitations. 


 Because more data are available at moderate temperatures than at lower and higher 


temperatures, the ammonia criterion is most uncertain for circumstances when compliance can 


be most difficult, either because of the low total ammonia criterion at high temperatures or 


because of treatment difficulties at low temperatures.  This section examines the data used in the 


1984/1985 criteria document and newer data to determine (1) whether the use of TCAPs should 


be continued and (2) whether a lower unionized criterion at low temperature is warranted.  Data 


used include those analyzed by Erickson (1985), which are shown in Figure 2 of the 1984/1985 


document, and more recent data reported by Arthur et al. (1987), DeGraeve et al. (1987), Nimmo 


et al. (1989), and Knoph (1992). 


 


Data not used include those reported by the following: 


1. Bianchini et al. (1996) conducted acute tests at 12 and 25°C, but one test was in fresh 


water, whereas the other was in salt water. 


2. Diamond et al. (1993) conducted acute and chronic toxicity tests on ammonia at 12 and 


20°C using several vertebrate and invertebrate species.  When expressed in terms of 


unionized ammonia, they reported that vertebrates (i.e., fishes and amphibians) were 


more sensitive to ammonia at 12°C than at 20°C, whereas invertebrates were either less 
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sensitive or no more sensitive at 12°C, compatible with the relationships used in the 


1984/1985 criteria document.  However, such factors as dilution water and test duration 


varied between tests at different temperatures and possibly confounded the results (see 


Appendix 1 of the 1999 update), raising doubts about the temperature comparisons for 


the vertebrates and invertebrates. 


 


 Arthur et al. (1987) measured the acute toxicity of ammonia to several fish and 


invertebrate species at ambient temperature during different seasons of the year.  For three of the 


five fish species (rainbow trout, channel catfish, and white sucker), the relationship of toxicity to 


temperature was similar to that used in the 1984/1985 criteria document.  When expressed in 


terms of unionized ammonia, no clear relationship existed between temperature and toxicity for 


the other fish species (fathead minnow and walleye).  This result for the fathead minnow is 


different from those of three other studies (Reinbold and Pescitelli 1982b; Thurston et al. 1983; 


DeGraeve et al. 1987) reporting a significant effect of temperature on the acute toxicity of 


unionized ammonia to the fathead minnow.  For five invertebrate species, each tested over a 


temperature range of at least 10°C, there was no consistent relationship between temperature and 


unionized ammonia toxicity.  An initial report of these results (West 1985) was the basis for no 


temperature adjustment being used for invertebrate data in the 1984/1985 criteria document.  


Further analysis of the Arthur (1987) data is discussed later. 


 DeGraeve et al. (1987) studied the effect of temperature (from 6 to 30°C) on the toxicity 


of ammonia to juvenile fathead minnows and channel catfish using acute (4-day) and chronic 


(30-day) ammonia exposures.  As shown for both fish species in Figure M.1, log(96-hr unionized 


ammonia LC50) versus temperature was linear within the reported uncertainty in the LC50s; the 


slopes were similar to those reported in the 1984/1985 criteria document.  Problems with the 


channel catfish chronic tests precluded effective use of those data and the highest tested 


ammonia concentrations in the fathead minnow chronic tests at 15 and 20°C did not cause 


sufficient mortality to be useful.  However, sufficient mortality did occur in the fathead minnow 


chronic tests at 6, 10, 25, and 30°C.  Based on regression analysis of survival versus log 
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concentration (discussed in more detail in the section concerning the CCC below), 30-day LC20s 


for unionized ammonia were 0.11, 0.18, 0.48, and 0.44 mg N/L at 6, 10, 25, and 30°C, 


respectively.  This temperature dependence (Figure M.1) is similar to that for acute toxicity and 


that used in the 1984/1985 criteria document.  The actual effect of temperature on these 30-day 


LC20s is probably somewhat greater, because test pH decreased with increasing temperature. 


 Nimmo et al. (1989) conducted acute toxicity tests on ammonia at 6 and 20°C in a well 


water using Johnny darters and in a river water using both Johnny darters and juvenile fathead 


minnows.  In all three sets of tests, LC50s expressed in terms of unionized ammonia were 


significantly higher at the warmer temperature, by factors ranging from 3.5 to 6.2. 


 Knoph (1992) conducted acute toxicity tests at temperatures ranging from 2 to 17°C 


using Atlantic salmon parr, one series of tests at pH≈6.0 and the other at pH≈6.4.  In both series 


of tests, LC50s expressed in terms of unionized ammonia increased substantially with 


temperature. 


 Even with these additional data, the shape of the temperature relationship is not 


completely resolved, especially for chronic toxicity.  Nevertheless, the acute data for fishes 


overwhelmingly indicate that ammonia toxicity, expressed in terms of unionized ammonia, 


decreases with increasing temperature.  
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Figure M.1.  The Effect of Temperature on Ammonia Toxicity in Terms of Unionized Ammonia (DeGraeve et al. 1987). 


Symbols denote LC50s or LC20s and 95% confidence limits and lines denote linear regressions of log LC versus temperature. 
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 Most importantly, the data of DeGraeve et al. (1987) show (Figure M.1) that (a) a linear 


relationship of log unionized ammonia LC50 versus temperature applies within the reported 


uncertainty in the LC50s over the range of 6 to 30°C and (b) temperature effects on long-term 


mortality are similar to those on acute mortality.  For invertebrates, acute toxicity data suggest 


that ammonia toxicity, when expressed in terms of unionized ammonia, does not decrease, and 


possibly even increases, with increasing temperature.  Quantifying and adjusting data for this 


relationship is not necessary because even at warm temperatures invertebrates are generally more 


resistant to acute ammonia toxicity than fishes and thus their precise sensitivities are of limited 


importance to the criterion.  At low temperatures, they are even more resistant relative to fishes 


and thus their precise sensitivity is even less important to the criterion. 


 


Based on this information, the two issues raised above were resolved as follows: 


1. TCAPs will not be used in the ammonia criterion.  This does not mean that the notion of 


high temperature exacerbating ammonia toxicity is wrong; rather, it reflects the fact that 


such an effect is not evident in the available data, which cover a wide temperature range. 


2. A CMC, if it were expressed as unionized ammonia (rather than total ammonia, used in 


this document) would continue to be lower at lower temperatures, consistent with the 


observed temperature dependence of ammonia toxicity to the most sensitive species, i.e., 


fishes. Although it is possible that the temperature relationship differs among fish species 


and that using the same relationship for all fish species introduces some uncertainty, 


specifying a relationship for each fish species is not possible with current data and would 


also introduce considerable uncertainty.  


 


 Therefore, for a criterion expressed in terms of unionized ammonia, available data 


support the continued use of a generic temperature relationship similar to that in the 1984/1985 


ammonia criteria document, but without TCAPs.
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Figure M.2.  The Effect of Temperature on Acute Ammonia Toxicity in Terms of Total Ammonia Nitrogen. 


Symbols denote LC50s, solid lines denote regressions for individual datasets, and dotted lines denote pooled regressions over all 


datasets. 
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Figure M.3.  The Effect of Temperature on pH-Adjusted Acute Ammonia Toxicity in Terms of Total Ammonia Nitrogen. 


LC50s are adjusted to the mean pH of the dataset based on the pooled relationship of acute toxicity to pH.  Symbols denote LC50s, solid 


lines denote regressions for individual datasets, and dotted lines denote pooled regression over all datasets 
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 This raised a new issue, however, because the criterion expressed in terms of total 


ammonia is nearly constant over all tested temperatures, and the small effect of temperature on 


the total ammonia criterion in the 1984/1985 criteria document is largely an artifact of 


conducting regression analyses in terms of unionized ammonia and is not indicative of any 


established, significant trend.  It was thought that the expression and implementation of the 


ammonia criterion might have been simplified if temperature were dropped as a modifying 


factor, which might have been possible if ammonia toxicity is expressed in terms of total 


ammonia.  Furthermore, permit limits and compliance are usually expressed in terms of total 


ammonia nitrogen, and so expressing the criterion in terms of total ammonia nitrogen would 


simplify its implementation by eliminating conversions to and from unionized ammonia.  


Because of such benefits and because there are no compelling scientific or practical reasons for 


expressing the criterion in terms of unionized ammonia, the freshwater toxicity data concerning 


temperature dependence were reanalyzed in terms of total ammonia nitrogen. 


 The data analyzed are from the studies included in the 1984/1985 ammonia criteria 


document and the studies of DeGraeve et al. (1987), Nimmo et al. (1989), and Knoph (1992).  


All analyses were conducted in terms of total ammonia nitrogen, either as reported by the authors 


or as converted by us from reported values for unionized ammonia, pH, and temperature using 


the speciation relationship of Emerson et al. (1975).  The data are presented in Figure M.2 and 


show considerable diversity, with some datasets showing decreasing toxicity with increasing 


temperature, some showing increasing toxicity, and some showing virtually no change.  There 


are even differences among studies using the same test species.  However, in no case is the effect 


of temperature particularly large, being no more than a factor of 1.5 over the range of any 


dataset, except for the Johnny darter data of Nimmo et al. (1989).  In some studies, test pH was 


correlated with test temperature.  To reduce the confounding effect of pH, the total ammonia 


LC50 was adjusted to the mean pH of the data for the study using the pH relationship discussed in 


the next section of this appendix.  These adjusted data are shown in Figure M.3 and also show 


neither large effects nor any clear consistency among or within species or studies.  
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 For each dataset containing at least three data points, a linear regression of log LC50 


versus temperature was conducted (Draper and Smith 1981) and the resulting regression lines are 


plotted as solid lines in Figures M.2 and M.3.  These regressions are significant at the 0.05 level 


for only one dataset (the unadjusted fathead minnow data of Thurston et al. 1983); for this 


dataset, however, the regression is not significant when the data are adjusted for the fact that pH 


values were lower in the low-temperature tests than in the high-temperature tests.  Slopes from 


regression analyses of datasets in Figure M.3 range from -0.015 to 0.013, compared to a range 


from 0.015 to 0.054 when expressed in terms of unionized ammonia (Erickson 1985).  This 


narrower range of slopes in terms of total ammonia nitrogen also argues for use of total 


ammonia, rather than unionized ammonia, because there is less uncertainty associated with the 


generic relationship.  For datasets with just two points, Figures M.2 and M.3 also show the 


slopes for comparative purposes.  Based on the typical uncertainty of LC50s, these slopes also 


would not be expected to be significant, except perhaps for the Johnny darter data of Nimmo et 


al. (1989). 


 A multiple least-squares linear regression (Draper and Smith 1981) using all datasets 


(with a common slope for all datasets and separate intercept for each dataset) was conducted, 


both with and without pH adjustment.  The results of these pooled analyses are plotted as dotted 


lines in Figures M.2 and M.3 to show that the residual errors for the common regression line 


compared to the individual regression lines are not large relative to the typical uncertainty of 


LC50s.  To better show the overall fit of the common regression line, the data are also plotted 


together in Figure M.4 by dividing each point by the regression estimate of the LC50 at 20°C for 


its dataset.  This normalization is done strictly for data display purposes because it allows all of 


the datasets to be overlaid without changing their temperature dependence, so that the overall 


scatter around the common regression line can be better examined.  The data show no obvious 


trend, with the best-fit slope explaining only 1% of the sum of squares around the means for the 


pH-adjusted data and 0% for the unadjusted data.  The one available chronic dataset (DeGraeve 


et al. 1987) also shows no significant temperature effect when expressed in terms of total 
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ammonia nitrogen (Figure M.5) and adjusted for pH differences among the tests.  (These tests 


and the calculation of the LC20s are discussed in detail later.) 


 Based on the small magnitude and the variability of the effect of temperature on total 


ammonia acute and chronic toxicity values for fish, the 1998 Update did not include temperature 


as a modifying factor for a total ammonia criterion.  For invertebrates, it should be noted that the 


1998 Update’s assumption that temperature had no effect on the toxicity of total ammonia differs 


from the 1984/1985 criteria document’s assumption that temperature has no effect on the toxicity 


of unionized ammonia.  This inconsistency is resolved during the 1999 re-examination of data, to 


be discussed shortly, by incorporating a relationship between temperature and total ammonia 


toxicity to invertebrates.  That relationship, however, does not affect the (1999 update) CMC 


because invertebrates are not among the acutely sensitive taxa.   
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Figure M.4.  The Effect of Temperature on Normalized Acute Ammonia Toxicity in Terms of Total Ammonia Nitrogen. 


Data were normalized by dividing measured LC50s by regression estimates of LC50s at 20°C for individual datasets for Figure M.2 


(top plot) and Figure M.3 (bottom plot). 
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Figure M.5.  The Effect of Temperature on Chronic Ammonia Lethality to Fathead Minnows in Terms of Total Ammonia 


Nitrogen (DeGraeve et al. 1987). 


Symbols denote LC20s and 95% confidence limits and lines denote linear regressions of log LC versus temperature.  Figure on left is 


for estimated LC50s at test pH and figure on right is for LC50s adjusted to pH=7.5 based on pooled relationship of chronic toxicity to 


pH. 
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 The amount of uncertainty in this approach to the CMC can be demonstrated to be small 


by considering how the criterion would differ if total ammonia toxicity was adjusted based on 


the slopes in various datasets.  Because the bulk of the toxicity data used in the derivation of the 


criterion is within a few degrees of 20°C, the temperature relationship used has very little effect 


on the criterion near this temperature, but rather has the greatest effect on the criterion at much 


higher or lower temperatures.  If the average slope for the pH-adjusted acute data from Figure 


M.4 is used, the total ammonia CMC at 5°C would be only about 6% higher than at 20°C.  The 


smallest and largest slopes from the acute regressions for individual species in Figure M.3 would 


produce a range from 40% lower to 68% higher at 5°C than at 20°C, but this greatly overstates 


the uncertainty because effects on a CMC derived from many datasets should not be near these 


extremes. 


 


1999 Re-examination of Temperature Dependence – Acute Toxicity 


 The previous section, reproduced with relatively few changes from the 1998 Update, 


included an analysis of available data on the temperature dependence of acute ammonia toxicity 


to fish.  These data (in Figures M.2, M.3, and M.4) consisted of 20 different data sets drawn from 


11 different studies and included nine different species, four of these species being in more than 


one study.  Data from Arthur et al. (1987) were not used in the 1998 analysis because those 


authors reported concerns about factors confounding temperature in their data set.  Linear 


regression analysis of log LC50 (total ammonia basis) versus temperature was conducted on each 


data set, both with and without correcting for pH as a confounding factor.  No consistent trend 


with temperature was observed and only one data set showed a slope different than zero at the 


0.05 level of statistical significance.  Therefore, a pooled linear regression analysis was 


conducted across all data to derive an average slope, which was very close to zero and also not 


statistically significant.  On the basis of this analysis, the 1998 Update did not include any 


temperature dependence for criteria to protect fish from acute ammonia toxicity.  


 In response to public comment (U.S. EPA, 1999), the 1998 analysis was re-examined.  


This re-examination indicated that it is appropriate to handle the temperature dependencies of 


fish and invertebrates separately.  For invertebrates, the inclusion of the Arthur et al. (1987) data 


in the regression analysis yields a change in the temperature dependency that is ultimately 


reflected in the difference between the 1999 CCC and the 1998 CCC.   
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 In the 1998 Update, EPA did not use the Arthur et al. (1987) data because of those 


authors concerns that other variable factors in their tests, conducted during different seasons, 


might have had a potential to confound their results.  In re-examining their data in response to 


comments, however, EPA found that most of the fish data from Arthur et al. showed behavior 


similar to that from numerous other investigators: that is, little relationship with temperature 


when expressed as total ammonia.  Consequently, it was concluded that the other variable factors 


were unlikely to be confounding the results. 


 For fish, although the temperature dependency is unchanged from 1998, additional 


documentation is provided here, primarily because the apparent difference between fish acute 


and chronic temperature dependencies is now used in the projection of the invertebrate chronic 


temperature dependency.   


 First presented here will be more details on the regression analyses of the individual data 


sets conducted for the Update, plus similar analyses of the data of Arthur et al.  A linear 


regression was conducted on each data set using the equation: 


 


log(LC50T)  =  log(LC5020)  + S   (T- 20) 


 


where LC50T is the total ammonia LC50 at temperature T, S is the slope of log LC50 versus 


temperature, and LC5020 is the estimated total ammonia LC50 at 20°C.  For completeness, this 


effort included data sets with just two points, although the regression analysis then provides a 


perfect fit and has no residual error, so that confidence limits, significance levels, etc. cannot be 


evaluated using normal methods.  In such cases, the mean squared error (MSE) of data around 


the regression was assumed to be equal to the weighted mean residual MSE for the larger data 


sets, so that approximate significance levels could be determined. 


 


Fish acute data: 


 Table M.1 presents the results of the regression analysis for each data set, with data 


adjusted to pH=8 based on the average pH relationship used in the 1998 and 1999 Updates.  


Plots of these relationships (except for Arthur et al. 1987) are in Figure M.3 in the previous 


section. 
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 Of the 24 entries in Table M.1, nearly half (11) have very small slopes of between -0.006 


and +0.006, a range which corresponds to a factor of 1.3 change or less in LC50 for a 20°C 


temperature change and is less than normal data variability.  Of these 11, five have positive 


slopes and six have negative slopes.  Of the 13 entries with steeper slopes, five have positive 


slopes and eight have negative slopes.  Among the data sets used in the Update, only two of the 


regressions are statistically significant at the 0.05 level, one with a negative slope and one with a 


positive slope, although two other sets (for fathead minnows from DeGraeve et al. 1987 and 


Reinbold and Pescitelli 1982b) are close to being significant.  (The level of significance for the 


Johnny darter data set differs from what was reported in the previous section because it consists 


of two different sets which were analyzed separately in the 1998 analysis, but combined here 


because they were not significantly different.)  Of the five data sets from Arthur et al. (1987), 


only one is significant at the 0.05 level.  For species with more than one entry, slopes vary 


considerably.  This general lack of statistical significance and consistency precludes any reliable 


assessments based on these individual analyses.   


 The 1998 Update therefore conducted a pooled regression analysis to determine whether 


the combined acute toxicity data sets indicated any significant average trends with temperature.  


Table M.2 summarizes the mean trends determined in various pooled analyses.  The first entry is 


the pooled analysis conducted for the 1998 Update, which included all the data in Table M.1 


above except the fish data of Arthur et al. (1987).  The slope from this pooled analysis was very 


small (-0.0023), and was not statistically significant despite the large number of data.  The 


second entry adds the fish data of Arthur et al.; it does result in a statistically significant trend.  


The mean slope (-0.0058) is still small, but does amount to a 23% decrease in LC50 per 20°C 


increase in temperature.  However, this slope is heavily influenced by two points with high 


residual (>3σ) deviations.  One of these points is a test at 3.4°C by Arthur et al. (1987) with 


fathead minnows, which showed much greater effects of low temperature than other studies with 


the same species.  The other point is for a test at 22.6°C by Arthur et al. (1987) with walleye, 


which showed very high sensitivity and was part of a set of three tests which used fish from 


different sources, potentially confounding the temperature effects.  Without these two data, the 


regression has an even lower slope and is not significant at the 0.05 level (third entry in Table 


M.2).  Overall, these analyses of the fish acute data suggest a weak overall trend of higher LC50s 
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at low temperatures, with a logLC50 versus temperature slope in the -0.002 to -0.006 range, but 


of questionable statistical significance. 


 


Table M.1.  Results of Regression Analysis of logLC50 (mg/L total ammonia nitrogen) 


Versus Temperature (°C) for Individual Data Sets on the Temperature Dependence of 


Acute Ammonia Toxicity. 


Table M.1 


Reference/ 


Species 


Slope 


(95% CL) 


logLC5020 


(95% CL) 


Residual SD 


(r2) 


FREGR 


(α) 


Thurston et al. (1983) 
Fathead Minnow 


-0.0014 
(-0.013,+0.013) 


1.641 
(1.582,1.700) 


0.112 
(<1%) 


0.06 
(0.81) 


Thurston and Russo (1983) 


Rainbow Trout 


+0.0059 


(-0.017,+0.029) 


1.350 


(1.204,1.495) 


0.121 


(2%) 


0.30 


(0.59) 


Cary (1976) 


Channel Catfish 


+0.0028 


(-0.008,+0.013) 


1.676 


(1.593,1.758) 


0.093 


(2%) 


0.32 


(0.58) 


Colt and Tchobanoglous (1976) 


Channel Catfish 


+0.0004 


(-0.037,+0.038) 


1.604 


(1.350,1.858) 


0.016 


(2%) 


0.02 


(0.91) 


Ministry of Technology (1967) 
Rainbow Trout 


+0.0008 
(-0.018,+0.019) 


1.231 
(1.010,1.452) 


0.051 
(1%) 


0.03 
(0.88) 


Roseboom and Richey (1977) 
Bluegill Sunfish 


+0.024 
(-0.025,+0.073) 


1.089 
(0.803,1.375) 


- 0.95 
(0.33) 


Roseboom and Richey (1977) 


Channel Catfish 


+0.020 


(-0.029,+0.069) 


1.482 


(1.196,1.768) 


- 0.68 


(0.41) 


Roseboom and Richey (1977) 
Largemouth Bass 


-0.0029 
(-0.040,+0.034) 


1.237 
(0.972,1.502) 


- 0.02 
(0.88) 


Reinbold and Pescitelli (1982b) 
Rainbow Trout 


-0.0088 
(-0.028,+0.010) 


1.396 
(1.159,1.632) 


0.088 
(29%) 


1.63 
(0.27) 


Reinbold and Pescitelli (1982b) 


Bluegill Sunfish 


-0.0004 


(-0.027,+0.026) 


1.370 


(1.059,1.681) 


0.128 


(0%) 


0.00 


(0.96) 


Reinbold and Pescitelli (1982b) 


Fathead Minnow 


-0.0153 


(-0.031,+0.009) 


1.429 


(1.243,1.615) 


0.076 


(89%) 


16.6 


(0.06) 


Hazel et al. (1971) 
Striped Bass 


-0.0163 
(-0.057,+0.025) 


1.274 
(1.105,1.443) 


0.076 
(60%) 


2.93 
(0.23) 


Hazel et al. (1971) 
Three-Spined Stickleback 


-0.0106 
(-0.053,+0.032) 


1.390 
(1.214,1.567) 


0.081 
(36%) 


1.14 
(0.40) 


DeGraeve et al. (1987) 


Fathead Minnow 


-0.0052 


(-0.012,+0.002) 


1.617 


(1.563,1.670) 


0.061 


(36%) 


3.33 


(0.12) 


DeGraeve et al. (1987) 


Channel Catfish 


-0.0088 


(-0.016,-0.002) 


1.648 


(1.595,1.701) 


0.061 


(62%) 


9.76 


(0.02) 


Knopf (1992) 
Atlantic Salmon 


-0.0035 
(-0.027,+0.020) 


1.715 
(1.406,2.025) 


0.097 
(7%) 


0.22 
(0.067) 


Knopf (1992) 
Atlantic Salmon 


+0.0163 
(-0.075,+0.108) 


1.636 
(0.405,2.866) 


0.054 
(84%) 


5.18 
(0.26) 


Nimmo et al. (1989) 


Johnny Darter 


+0.021 


(+0.000,+0.043) 


1.463 


(1.248,1.678) 


0.072 


(90%) 


18.1 


(0.05) 


Nimmo et al. (1989) 
Fathead Minnow 


+0.0070 
(-0.014,+0.028) 


1.568 
(1.353,1.782) 


- 0.42 
(0.52) 


Arthur et al. (1987) 


Fathead Minnow 


-0.032 


(-0.059,-0.004) 


1.762 


(1.493,2.030) 


0.105 


(92%) 


24.8 


(0.04) 
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Table M.1 


Reference/ 


Species 


Slope 


(95% CL) 


logLC5020 


(95% CL) 


Residual SD 


(r2) 


FREGR 


(α) 


Arthur et al. (1987) 


Rainbow Trout 


-0.0100 


(-0.053,+0.033) 


1.348 


(0.937,1.758) 


0.158 


(16%) 


0.56 


(0.51) 


Arthur et al. (1987) 
Channel Catfish 


-0.0058 
(-0.038,+0.027) 


1.558 
(1.230,1.886) 


0.030 
(84%) 


5.15 
(0.26) 


Arthur et al. (1987) 
White Sucker 


+0.0007 
(-0.23,+0.25) 


1.902 
(1.657,2.147) 


0.048 
(1%) 


0.01 
(0.92) 


Arthur et al. (1987) 


Walleye 


-0.038 


(-0.327,+0.250) 


1.216 


(-1.911,4.343) 


0.306 


(74%) 


2.84 


(0.34) 


 


 


Table M.2.  Results of Regression Analysis of log LC50 (mg/L total ammonia nitrogen) 


Versus Temperature (°C) for Pooled Data Sets on the Temperature Dependence of Acute 


Ammonia Toxicity to Fish. 
Data Sets Pooled Slope 


(95% CL) 


Residual SD 


(r2) 


FREGR 


(α) 


All Data excluding Arthur et al. -0.0023 
(-0.0057,+0.0011) 


0.105 
(2%) 


1.79 
(0.18) 


All Data including Arthur et al. -0.0058 
(-0.0094,-0.0022) 


0.122 
(8%) 


10.3 
(<0.01) 


All Data including Arthur et al. except  "Outliers" -0.0030 


(-0.0063,+0.0002)) 


0.105 


(3%) 


3.52 


(0.06) 


Fathead Minnow excluding Arthur et al 
 


-0.0063 
(-0.0122,-0.0005) 


0.106 
(11%) 


4.76 
(0.04) 


Fathead Minnow including Arthur et al. 
 


-0.0105 
(-0.0169,-0.0049) 


0.120 
(25%) 


13.4 
(<0.01) 


Fathead Minnow including Arthur et al. excl "Outlier" 


 


-0.0073 


(-0.0129,-0.0017) 


0.106 


(15%) 


6.85 


(0.01) 


Rainbow Trout excluding Arthur et al. 
 


-0.0013 
(0.0122,+0.0096) 


0.109 
(<1%) 


0.06 
(0.80) 


Rainbow Trout including Arthur et al. 
 


-0.0034 
(-0.0133,+0.0064) 


0.115 
(2%) 


0.51 
(0.48) 


Channel Catfish excluding Arthur et al. 


 


-0.0030 


(-0.0091,+0.0031) 


0.088 


(4%) 


1.05 


(0.32) 


Channel Catfish including Arthur et al. 
 


-0.0034 
(-0.088,+0.021) 


0.085 
(6%) 


1.64 
0.21) 


Bluegill Sunfish 
 


+0.0006 
(-0.0172,+0.0184) 


0.120 
(<1%) 


0.01 
(0.92) 
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 It is also useful to consider separately the overall trends for different fish species.  Table 


M.1 includes multiple studies with fathead minnows, rainbow trout, channel catfish, and bluegill 


sunfish.  Table M.2 includes the results of pooled analyses for each of these species, both with 


and without data from Arthur et al. (1987).  For rainbow trout, bluegill, and channel catfish, the 


regressions were not statistically significant.  The bluegill data indicated virtually no temperature 


effect, whereas weak trends similar to the pooled analyses over all data sets were suggested in 


the channel catfish data (slope = -0.0030 without and -0.0034 with Arthur et al. data) and 


rainbow trout data (slope = -0.0014 without and -0.0034 with Arthur et al. data).  For fathead 


minnow, the pooled analyses were statistically significant and stronger, with slopes ranging from 


-0.0063 to -0.0105 depending on the treatment of data from Arthur et al.  Such slopes for fathead 


minnow would result in moderate effects over a broad temperature range:  a 20°C decrease in 


temperature would result in a 33% to 62% increase in LC50.  However, this species is not 


sensitive enough that this would affect the acute criterion values.  For the species used in the 


acute criterion calculations, no temperature correction for acute toxicity is appropriate due to the 


lack of any significant trend over all data sets. 


 


Invertebrate acute data: 


 Unlike fish, available acute toxicity data for invertebrates indicates that their acute 


sensitivity to ammonia decreases substantially with decreasing temperature.  The 1998 Update 


noted this temperature dependence, but did not present any analysis of it because tested 


invertebrates were sufficiently tolerant to acute ammonia exposures that this dependence would 


not affect the acute ammonia criterion.  The 1998 Update also noted that this temperature 


dependence should be a consideration in setting low temperature chronic criterion, but did not 


provide any specific analysis regarding this.  This section will provide an analysis of available 


information on the temperature-dependence of invertebrate acute ammonia toxicity, to be used 


later for estimating the temperature-dependence of chronic ammonia toxicity. 


 Arthur et al. (1987) provide the only available data on the temperature dependence of 


acute ammonia toxicity to invertebrates.  As noted earlier, these toxicity tests did not specifically 


test temperature effects, but rather were seasonal tests in which various chemical characteristics 


of the tests water varied as well as temperature.  Test organisms were whatever were available in 


outdoor experimental streams at the time of the test, so the size, life stage, and condition of the 
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organisms also varied.  The authors of this study expressed some doubt as to how much of the 


effects they observed were actually due to temperature.  However, for invertebrates, they did 


observe strong correlations of total ammonia toxicity with temperature.  Confounding factors 


might contribute somewhat to this correlation, but temperature is still likely the primary 


underlying cause.  If other factors were largely responsible for the apparent effects of 


temperature, it would be expected that strong correlations with temperature would also be 


evident in their fish data.  However, as discussed above, the fish data usually showed much 


weaker effects of temperature, similar to other studies with fewer confounding factors. 


 These invertebrate acute data were analyzed using the same regression model and 


techniques as discussed above for fish.  The study of Arthur et al. (1987) included data sets for 


nine invertebrate species, but two of these sets were not included in the analysis because they 


consisted of two tests at temperatures only 3°C apart.  For the other species, the number of tests 


ranged from 2 to 6, with temperature ranges of from 9°C to 21°C.  Table M.1 summarizes the 


regression results for the data sets of each species and for pooled analyses conducted on (a) all 


seven species, and (b) three species that had more than two tests and a temperature range of at 


least 15°C.  All data were corrected to pH 8 based on the average acute pH relationship 


(described later).  All species show substantially greater tolerance to ammonia at lower 


temperatures, and in most cases the significance level of the regression is better than 0.05.  (As 


for the analysis of the fish data, when there were just two tests for a species, the significance 


level for the individual analysis is based on the MSE from the pooled analysis.)  The slope of log 


LC50 versus temperature does not vary widely, ranging from -0.028 to -0.046 and being -0.036 


for both pooled analyses.  Figure M.6 provides plots of this data and the regression lines 


comparable to those for fish previously shown in Figures M.3 and M.4. 


 Again, because invertebrates are not among the species acutely sensitive to ammonia (in 


the 1999 update), the invertebrate acute temperature slope does not affect the formulation of the 


acute criterion.  It will be used subsequently, however, in formulating the invertebrate chronic 


temperature slope, which ultimately will affect the formulation of the chronic criterion. 
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1999 Re-examination of Temperature Dependence – Chronic Toxicity 


Fish chronic data 


 As in the 1998 Update, the only available data on the temperature dependence of chronic 


ammonia toxicity are from the study by DeGraeve et al. (1987) on survival of juvenile fathead 


minnows during 30-day exposures to ammonia at temperatures ranging from 6°C to 30°C.  In 


contrast to acute toxicity, which for fathead minnows showed sensitivity to be slightly reduced at 


low temperatures, this data on chronic toxicity suggested greater sensitivity at low temperatures.  


However, this trend was small, at least once the confounding effect of pH was corrected for, and 


not statistically significant.  Based on this analysis, the 1998 Update treated effect concentrations 


for chronic ammonia toxicity to fish as it did for acute toxicity:  as being invariant with 


temperature.  However, the 1998 Update also noted that, if seasonal variations in temperature 


cause a shift in what endpoints the criterion should be based on, the chronic criterion could have 


a seasonal temperature dependence even if effect concentrations for specific chronic endpoints 


do not vary with temperature (This is discussed in the 1999 AQWC document under the section 


named Seasonality of Chronic Toxicity Endpoints). 


 This section will provide more details regarding the analysis of the chronic toxicity data 


from DeGraeve et al. (1987), and a comparison of its temperature dependence to that of acute 


toxicity in the same study.  Figure M.5 showed the temperature dependence of acute and chronic 


effect concentrations from this study. 


 An important issue in this analysis is the confounding effect of pH on the apparent effect 


of temperature, because pH increased with decreasing temperature in these chronic exposures.  


To examine what the effect of temperature is, the effect concentrations should be adjusted to a 


common pH using an equation that accounts for the effect of pH.  A critical question then is what 


pH equation to use, because no study exists for the effect of pH on this particular chronic 


endpoint (juvenile 30-day survival), or on the interaction of pH and temperature effects.  The 


1998 Update used the pH relationship derived for the chronic criterion.  Of the pH relationships 


available, that one is probably most appropriate, but entails some uncertainty.  To evaluate how 


conclusions about temperature effects will vary if the true pH relationship is different, this 


analysis will also use the pH relationship for acute toxicity to fathead minnows from Thurston et 


al. (1983).  This relationship likely represents an extreme possibility; i.e., it assumes that chronic 
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toxicity pH relationships are the same acute ones, contrary to what is indicated by available 


chronic studies. 
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Figure M.6.  Temperature Dependence of Acute Ammonia Toxicity to Invertebrate 


Organisms from Arthur et al. (1987). 
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 Using the pooled chronic pH relationship (presented later in this document), slope=0.010, 


significance=0.13, and r
2
=0.76.  Using the fathead minnow acute pH relationship, slope=0.0053, 


significance=0.32, and r
2
=0.45.  In neither case is the regression statistically significant at the 5 


percent level, due to the amount and variability of the data.  Nevertheless, it should be noted that, 


in both cases, the chronic data show an upward trend with temperature, in contrast to that 


observed for acute toxicity.  Even under the extreme assumption that these data have a pH 


relationship similar to acute toxicity, the slope is 0.005, and is twice this under the assumption 


that these data follow the chronic pH relationship.  Thus, even if fathead minnows show 


increased acute tolerance to ammonia at low temperatures, a similar assumption for chronic 


toxicity is contraindicated. 


 The difference between acute and chronic temperature relationships can be better 


assessed by looking at acute-chronic ratios.  Figure M.7 shows the temperature dependence of 


the ratio of the acute LC50 to the chronic LC20.  The chronic LC20s used for the ACRs were 


normalized via the above two alternative pH relationships, while the acute LC50s were 


normalized only using the acute pH relationship.  The results show that for either pH 


normalization alternative, the ACRs are substantially higher at lower temperatures than at higher 


temperatures.  If the chronic data are pH-normalized using the chronic pH relationship, the 


regression is significant at the 0.05 level, with a slope of -0.0155.  If normalized using the acute 


pH relationship, the slope is less (-0.0110), but even with this extreme assumption, there is only a 


13 percent probability that the regression slope arose by chance. 


 It is not surprising that acute-chronic ratios are higher at low temperature.  Temperature 


can affect toxicity in a variety of ways, one of which is simply to slow down responses.  This is 


evident in some reports on the effect of temperature on ammonia toxicity.  For example, for the 


rainbow trout data from Ministry of Technology (1967), there was little effect of temperature on 


total ammonia LC50s at 96 hours, but at shorter durations LC50s increased with decreasing 


temperature.  The overall impact on the temperature dependence of LC50s and ACRs will depend 


on the duration of the acute toxicity test and on the speed of action of acute ammonia toxicity in 


the species of concern.  However, temperature is likely to affect ammonia toxicity in multiple 


ways, some of which would alter acute and chronic toxicity similarly.  Nonetheless, to some 


degree the ratio of effect concentrations at different durations is expected to increase at lower 
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temperatures.  This expectation, as well as the empirical evidence, argues against the direct 


application of acute temperature relationships to chronic toxicity. 


 


Figure M.7.  Temperature-Dependence of Ammonia ACRs for Fathead Minnows. 


(The choice of reference condition, pH=8 here versus pH=7.5 in Figure M.5, has no effect on 


slope or significance.) 
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Invertebrate chronic projections 


 No data are available on the effect of temperature on chronic ammonia toxicity to 


invertebrates.  Because invertebrates are much more acutely tolerant at low temperatures than at 


high temperatures, it is likely that their chronic toxicity would also show some temperature 


dependence.  However, as discussed above, there is reason to expect acute and chronic toxicity to 


vary somewhat differently with temperature, with acute-chronic ratios increasing at low 


temperature, especially for organisms for which acute ammonia toxicity is not especially fast, 


which is the case for invertebrates (Thurston et al. 1984b).  The observed trend in the fathead 


minnow ACRs provides support for this expectation. 


 The critical question then becomes, how much of the acute temperature slope for 


invertebrates should be assumed to apply to chronic toxicity?  If this slope is predominantly due 
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to temperature-induced delays of acute toxicity, chronic toxicity might have very little slope.  If 


this slope is not at all due to such delays, then all the slope should be applied to chronic toxicity. 


 One option for an objective mathematical prediction of the invertebrate chronic slope is 


to assume that the difference between acute and chronic slopes will be the same for fish and 


invertebrates, potentially implying that the effect of temperature on the kinetics of toxicity is 


roughly the same for fish and invertebrates.  In this case the invertebrate chronic slope would be 


the difference between -0.036, the average invertebrate acute slope, and -0.016, the observed 


slope for fish acute-chronic ratios.  This would yield an invertebrate chronic slope of -0.020.  


This correction still applies most of the acute slope to chronic toxicity, but recognizes that the 


chronic slope should probably be less steep. 


 It is recognized that few data are available to define the Figure M.7 fish ACR slope, and 


that the assumption the invertebrate ACR slope would equal the fish ACR slope is quite 


uncertain despite having some theoretical underpinning in the kinetics of toxicity.  Consequently 


a second option is to equate the invertebrate chronic slope to the invertebrate acute slope (-0.036) 


minus one-half the fish ACR slope (-0.016/2).  This splits the difference between no correction 


and full correction for the fish ACR slope, resulting in an invertebrate chronic slope of -0.028. 


 A third, related option is suggested from the appearance of data in the last two plots in 


Figure M.6, plots of “All Species” and “Physa, Crangonyx, Musculium”.  These plots suggest a 


steeper invertebrate acute slope at higher temperatures than at very low temperature.  At greater 


than 10°C, these data also comfortably fit a slope of -0.044.  If such a slope were used to fit those 


data, however, a concentration plateau would need to be imposed between 5 and 10°C to avoid 


over-estimating the acute effect concentrations measured near 5°C.  If the invertebrate chronic 


slope is obtained by subtracting the full value of the fish ACR slope (-0.016), this would yield 


the same invertebrate chronic slope, -0.028, as the option in the previous paragraph.  In this case, 


however, concentrations would be capped between 5 and 10°C in order to reflect the implied 


attenuation of slope at low temperature relative to higher temperatures. 


 EPA selected this third option, a compromise between the first two options, for defining 


the invertebrate chronic temperature slope in formulating the CCC, discussed later.  This 


provides a good fit to the available information. 
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Appendix N.  Site-Specific Criteria for Ammonia. 


 


Recalculation Procedure for Site-specific Criteria Derivation 


The water quality standards (WQS) regulation at 40 CFR § 131.11(b)(1)(ii) provides 


states with the opportunity to adopt water quality criteria that are “…modified to reflect site-


specific conditions.”  As with any criteria, site-specific criteria must be based on a sound 


scientific rationale in order to protect the designated use and are subject to review and approval 


or disapproval by EPA. 


The recalculation procedure for site-specific criteria derivation is intended to allow site-


specific criteria that differ from national criteria recommendations (i.e., concentrations that are 


higher or lower than national recommendations) where there are demonstrated differences in 


sensitivity between the aquatic species that occur at the site and those that were used to derive 


the national criteria recommendations.  The national dataset may contain aquatic species that are 


sensitive to a particular pollutant, but these or comparably sensitive species might not occur at 


the site (e.g., freshwater mussels are included in the national ammonia dataset but may not be 


present at a particular site).  On the other hand, a species that is critical at the site might be 


sensitive to the pollutant and require site-specific criteria that are lower than the national 


recommended criteria.  


In the case of ammonia, where a state demonstrates that mussels are not present on a site-


specific basis, the recalculation procedure may be used to remove the mussel species from the 


national criteria dataset to better represent the species present at the site.  For example, many of 


the commonly occurring freshwater bivalves (e.g., pea clam) are more closely related to the non-


unionid fingernail clam Musculium (which is the fourth most sensitive genus in the national 


dataset for the chronic criterion) than to the unionid mussels Lampsilis and Villosa (which are the 


two most sensitive genera in the national dataset for the chronic criterion).  At sites where all 


bivalves present are more closely related to Musculium than to Lampsilis and Villosa (i.e., where 


unionid mussels are not present at the site), the recalculation procedure may be used to remove 


Lampsilis and Villosa from the dataset because they would not be representative of the species 


present at the site.  With removal of Lampsilis and Villosa from the national dataset, the 


recalculation procedure could result in criteria (and associated water quality-based effluent limits 


(WQBELs) based on such criteria) with higher concentrations than EPA’s recommendations but 
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that are still protective of the designated use.  The retention of Musculium in the dataset would 


represent the other non-unionid bivalves present at the site, so the non-unionid bivalves would 


still be protected if Lampsilis and Villosa were removed from the chronic dataset.  However, at 


sites where both unionid and non-unionid bivalves are present, all three bivalves in the national 


chronic dataset (i.e., Lampsilis, Villosa, and Musculium) would be retained because they would 


represent the species present at the site.  The recalculation procedure describes how to compare 


the taxonomy of species present at the site with the taxonomy of species in the national dataset.  


The number of tested genera (N) in the criteria calculations must be updated where 


genera such as Lampsilis and Villosa are removed from the dataset.  For example, if only the two 


unionid mussels are removed from the dataset for the national chronic ammonia criterion, N 


would be reduced from 16 genera in the national dataset to 14 genera in the site-specific dataset, 


and this would affect the site-specific criteria values. 


Freshwater snails represent another sensitive freshwater species group for which acute 


and chronic toxicity data exist and are used in criteria derivation.  Because freshwater snails tend 


to be more ubiquitous in the environment, however, the existing data for these animals are not 


likely to be deleted from the datasets in a criteria recalculation.  


As with any criteria, states choosing to utilize the recalculation procedure should ensure 


that their site-specific criteria “…provide for the attainment and maintenance of the water quality 


standards of downstream waters.” 40 CFR § 131.10(b).  In addition, states should consider how 


they will demonstrate that mussels are not present at the site before selecting this approach.  For 


additional information on the recalculation procedure, see EPA’s Water Quality Standards 


Handbook at http://www.epa.gov/wqshandbook. 


 


Acute Criterion Magnitude Recalculation for Ammonia 


Unionid Mussels Present and Oncorhynchus species Absent 


Where Oncorhynchus species are absent, EPA does not lower its acute criteria for 


ammonia below the 5
th


 percentile in order to protect the commercially and recreationally 


important adult rainbow trout, but instead, retains all tested species in the Order Salmoniformes 


as tested surrogate species representing untested freshwater fish resident in the U.S. from another 


Order.  The lowest GMAV for a freshwater fish (vertebrate species) is 51.93 mg TAN/L for 


Prosopium (Table 3).  Therefore, in this case, the CMC equals the lower of: a) 0.7249 times the 



http://www.epa.gov/wqshandbook
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temperature adjusted lowest invertebrate GMAV (e.g., 17 mg TAN/L at pH 7.0 and 20º C), or (b) 


0.7249 times the lowest freshwater fish GMAV (e.g., 38 mg TAN/L at pH 7.0), according to the 


following temperature relationship: 


 


              (                    (    )) 


 


Thus, the CMC increases with decreasing temperature as a result of increased invertebrate 


insensitivity until it reaches a plateau of 37.65 mg TAN/L at 10.2°C and below (51.93 mg 


TAN/L x 0.7249), where the most sensitive taxa switches to the temperature invariant fish genus 


Prosopium (Tables 5b and N.1; see also Oncorhynchus absent line in Figure 5a).  Note: while the 


mountain whitefish (Prosopium williamsoni) is a species in the same family as Oncorhynchus sp. 


(i.e., Family: Salmonidae), it is also an appropriately sensitive surrogate species amongst all 


freshwater fish in the Class Actinopterygii.  


 


The CMC where Oncorhynchus sp. are absent extrapolated across both temperature and 


pH is as follows: 


 


             (
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When a threatened or endangered species occurs at a site and sufficient data indicate that it is 


sensitive at 1-hour average concentrations below the CMC, it is appropriate to consider deriving 


a site-specific criterion.  It should be noted that the dataset used to derive these new ammonia 


criteria included some threatened or endangered species, none of which were the most sensitive 


of the species tested.  Extrapolated values across a range of temperatures and pH values are 


presented in Table N.1. 


 


Unionid Mussels Absent and Oncorhynchus spp. Present 


If a state can demonstrate that unionid mussels are not present at a site, a site-specific 


criteria can be calculated for waters with mussels absent.  It is important to recognize that for 


site-specific criteria derived where unionid mussels are absent, the commercially and 
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recreationally important adult rainbow trout (Oncorhynchus mykiss) is the most acutely sensitive 


species.  Thus, when Oncorhynchus spp. are present, the acute criterion cannot exceed 24 mg 


TAN/L (the SMAV for adult rainbow trout 48.21 mg TAN/L divided by two – see also Acute 


Criterion Calculation section in this document).   


At pH 7, the temperature relationship is expressed as follows: 


 


       (      (              (    ))) 


 


Where 24.10 mg TAN/L is one half the SMAV of 48.21 mg TAN/L for adult rainbow trout, and 


45.05 is 0.7249 (the CMC divided by the lowest GMAV in the complete acute dataset) 


multiplied by 62.15 mg TAN/L, the GMAV of the temperature dependent pebblesnail 


(Fluminicola sp.), the most sensitive non-mussel invertebrate (Table N.2). 


At temperatures 0 - 27.5°C, the CMC with mussels absent and Oncorhynchus spp. 


present is 24.10 mg TAN/L, because adult rainbow trout remain the most sensitive species group 


in this temperature range.  At temperatures greater than 27.5°C, however, the GMAV for 


Fluminicola species (62.15 mg TAN/L) becomes the most sensitive GMAV because 


invertebrates are increasingly more acutely-sensitive to ammonia as temperature increases, and 


thus, the CMC equals that of the mussels absent, Oncorhynchus sp. absent temperature 


relationship (Figure N.1).  Consistent with the approach followed with the unionid mussels 


present, Oncorhynchus species absent CMC calculation in the Acute Criterion Calculations 


section of this document, the site-specific criteria should 1) retains all tested species in the Order 


Salmoniformes as tested surrogate species representing untested freshwater fish resident in the 


U.S. from another Order; and 2) maintains the SSD relationship from the complete acute dataset 


(i.e., CMC is equal to the lowest GMAV times 0.7249).  


The CMC, where mussels are absent and Oncorhynchus spp. are present, extrapolated 


across both temperature and pH is as follows (extrapolated values provided Table N.3): 


 


       ((
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)
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Unionid Mussels Absent and Oncorhynchus spp. Absent 


If both unionid mussels and Oncorhynchus spp. are absent, the CMC calculated using the 


Guidelines algorithm is 30.25 mg TAN/L at pH 7 and 20°C and is based on the four most 


sensitive GMAVs in the following rank order: mountain whitefish, Lost River sucker, 


pebblesnail, and golden shiner (see Table N.2).  The ratio of the mussels absent and 


Oncorhynchus spp. absent CMC to the most sensitive GMAV (i.e., mountain whitefish; 


Prosopium sp.) is 0.5825, or 30.25 mg TAN/L divided by 51.93 mg TAN/L.  However, this 


would result in a more protective criterion than when Oncorhynchus spp. are absent but mussels 


are present (see Acute Criterion Calculations).  Because the unionid mussels absent and 


Oncorhynchus spp. absent CMC cannot be more protective than the unionid mussels present and 


Oncorhynchus spp. absent CMC, the CMC to lowest GMAV ratio of 0.7249 from the complete 


acute dataset is multiplied by 51.93 mg TAN/L for Prosopium sp., the lowest GMAV in the 


unionid mussels absent dataset, resulting in a calculated CMC of 37.65 mg TAN/L at pH 7 and 


20°C.  This is equivalent to the maximum plateau CMC when mussels are present and 


Oncorhynchus spp. are absent at temperatures of 10.2°C and below (compare in Figures 5a and 


N.1). 


 


At pH 7, the temperature relationship is expressed as follows: 


 


               (      (              (    ))) 


 


At temperatures between 0-22.1°C the CMC with unionid mussels and Oncorhynchus 


spp. absent is 37.65 mg TAN/L.  At temperatures greater than 22.1°C, the temperature dependent 


pebblesnail (Fluminicola sp.) becomes the most sensitive GMAV, and the CMC decreases with 


increasing temperature (Figure N.1). 


The CMC, where both unionid mussels and Oncorhynchus spp. are absent, extrapolated 


across both temperature and pH is as follows (extrapolated values provided Table N.4): 
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A summary of the acute criterion recalculations for all four mussel and Salmonid present and 


absent combinations at pH 7 and 20°C is included in Table N.5. 


 


Chronic Criterion Magnitude Recalculation for Ammonia  


Unionid Mussels Absent, Early Life Stage (ELS) Protection Necessary 


When unionid mussels are present, the CCC is the same regardless of whether early life 


stages (ELS) of fish genera require protection.  This is because unionid mussels represent the two 


most sensitive genera in the chronic dataset, and at pH 7, the CCC at the invertebrate temperature 


plateau of 7°C is 4.363 mg TAN/L, which is lower than the GMCV for Lepomis, the most 


sensitive fish genera, multiplied by the CCC to lowest GMCV ratio (or 6.920 mg TAN/L x 


0.8876 = 6.142 mg TAN/L – see Chronic Criterion Calculations for additional details). 


When unionid mussels are absent and fish ELS require protection, however, the CCC is 


6.508 mg TAN/L at pH 7 and 20°C (Tables N.6, N.7).  The lowest GMCV is 6.920 mg TAN/L 


for the temperature invariant vertebrate genus Lepomis, and the most sensitive invertebrate 


GMCV is 7.547 mg TAN/L for Musculium (Table N.6).  The ratio of the CCC to the most 


sensitive GMCV (Lepomis sp.) when unionid mussels are absent is 0.9405, or 6.508 mg TAN/L 


divided by 6.920 mg TAN/L.  At pH 7 and 20°C, the CCC when mussels are absent and ELS 


protection is required is expressed as follows: 


 


              (      (              (    ))) 


 


This function remains constant at a CCC equal to 6.508 mg TAN/L at 0-21.3°C because 


the most sensitive GMCV is for the temperature invariant genera Lepomis (Figure N.2; Table 


N.6).  At temperatures greater than 21.3°C, the GMCV for the invertebrate Musculium (i.e., 


7.547 mg TAN/L) becomes the most sensitive, and the CCC decreases with increasing 


temperature (Figure N.2).   


When unionid mussels are absent and ELS protection is required, the thirty-day average 


concentration of ammonia nitrogen (in mg TAN/L) does not exceed, more than once every three 


years on the average, the CCC calculated using the following equation: 
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Recalculated chronic criterion concentrations for the mussels absent, fish ELS protection 


necessary scenario across a range of temperatures and pH values are provided in Table N.8. 


 


Unionid Mussels Absent, Early Life Stage (ELS) Protection Not Necessary  


One approach for setting a chronic criterion for mussels absent and fish ELS absent is to 


modify the criterion for mussels absent and fish ELS present.  The four most sensitive genera for 


the criterion to be modified are Lepomis (ELS), Musculium, Fluminicola, and Pimephales (ELS), 


which had yielded a criterion of 6.508 mg TAN/L at pH 7.0 and 20º C, or 0.9405 x the lowest 


GMCV (Lepomis).  Since the Lepomis GMCV, 6.920 mg TAN/L, is based on ELS sensitivity, 


consider that with ELS absent this value would increase to its juvenile and adult GMCV of 21.3 


mg TAN/L (from U.S. EPA 1999, page 75 GMCVs, translated from pH 8 to pH 7).  In this case, 


Musculium, with GMCV 7.547 mg TAN/L, would now be the most sensitive genus in the 


dataset, such that at pH 7 and 20ºC the criterion could be calculated as 0.9405 x 7.547 = 7.098 


mg TAN/L.  Because Musculium remains the most sensitive genus throughout the full range of 


temperatures, the criterion follows the invertebrate temperature relationship, increasing with 


decreasing temperature until it reaches its maximum at the built-in 7ºC plateau, which is 16.41 


mg TAN/L at pH 7, fully protective of the lowest juvenile-adult fish GMCV, that for Lepomis, 


21.3 mg TAN/L shown above. 


 


Mussels absent ELS protection not required at pH 7 


           (              (      (   ))) 


 


Overall 
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Recalculated chronic criterion concentrations for the mussels absent, fish ELS protection not 


required scenario across a range of temperatures and pH values are provided in Table N.9. A 
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summary of the chronic criterion recalculations for all four mussel and fish ELS present and 


absent combinations at pH 7 and 20°C is included in Table N.7.
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Table N.1.  Temperature and pH-Dependent Values of the CMC (Acute Criterion Magnitude) – Unionid Mussels Present, 


Oncorhynchus Absent. 


 Temperature (°C)     


pH 0-10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


6.5 51 48 44 41 37 34 32 29 27 25 23 21 19 18 16 15 14 13 12 11 9.9 


6.6 49 46 42 39 36 33 30 28 26 24 22 20 18 17 16 14 13 12 11 10 9.5 


6.7 46 44 40 37 34 31 29 27 24 22 21 19 18 16 15 14 13 12 11 9.8 9.0 


6.8 44 41 38 35 32 30 27 25 23 21 20 18 17 15 14 13 12 11 10 9.2 8.5 


6.9 41 38 35 32 30 28 25 23 21 20 18 17 15 14 13 12 11 10 9.4 8.6 7.9 


7.0 38 35 33 30 28 25 23 21 20 18 17 15 14 13 12 11 10 9.4 8.6 7.9 7.3 


7.1 34 32 30 27 25 23 21 20 18 17 15 14 13 12 11 10 9.3 8.5 7.9 7.2 6.7 


7.2 31 29 27 25 23 21 19 18 16 15 14 13 12 11 9.8 9.1 8.3 7.7 7.1 6.5 6.0 


7.3 27 26 24 22 20 18 17 16 14 13 12 11 10 9.5 8.7 8.0 7.4 6.8 6.3 5.8 5.3 


7.4 24 22 21 19 18 16 15 14 13 12 11 9.8 9.0 8.3 7.7 7.0 6.5 6.0 5.5 5.1 4.7 


7.5 21 19 18 17 15 14 13 12 11 10 9.2 8.5 7.8 7.2 6.6 6.1 5.6 5.2 4.8 4.4 4.0 


7.6 18 17 15 14 13 12 11 10 9.3 8.6 7.9 7.3 6.7 6.2 5.7 5.2 4.8 4.4 4.1 3.8 3.5 


7.7 15 14 13 12 11 10 9.3 8.6 7.9 7.3 6.7 6.2 5.7 5.2 4.8 4.4 4.1 3.8 3.5 3.2 2.9 


7.8 13 12 11 10 9.3 8.5 7.9 7.2 6.7 6.1 5.6 5.2 4.8 4.4 4.0 3.7 3.4 3.2 2.9 2.7 2.5 


7.9 11 9.9 9.1 8.4 7.7 7.1 6.6 3.0 5.6 5.1 4.7 4.3 4.0 3.7 3.4 3.1 2.9 2.6 2.4 2.2 2.1 


8.0 8.8 8.2 7.6 7.0 6.4 5.9 5.4 5.0 4.6 4.2 3.9 3.6 3.3 3.0 2.8 2.6 2.4 2.2 2.0 1.9 1.7 


8.1 7.2 6.8 6.3 5.8 5.3 4.9 4.5 4.1 3.8 3.5 3.2 3.0 2.7 2.5 2.3 2.1 2.0 1.8 1.7 1.5 1.4 


8.2 6.0 5.6 5.2 4.8 4.4 4.0 3.7 3.4 3.1 2.9 2.7 2.4 2.3 2.1 1.9 1.8 1.6 1.5 1.4 1.3 1.2 


8.3 4.9 4.6 4.3 3.9 3.6 3.3 3.1 2.8 2.6 2.4 2.2 2.0 1.9 1.7 1.6 1.4 1.3 1.2 1.1 1.0 0.96 


8.4 4.1 3.8 3.5 3.2 3.0 2.7 2.5 2.3 2.1 2.0 1.8 1.7 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 


8.5 3.3 3.1 2.9 2.7 2.4 2.3 2.1 1.9 1.8 1.6 1.5 1.4 1.3 1.2 1.1 0.98 0.90 0.83 0.77 0.71 0.65 


8.6 2.8 2.6 2.4 2.2 2.0 1.9 1.7 1.6 1.5 1.3 1.2 1.1 1.0 0.96 0.88 0.81 0.75 0.69 0.63 0.58 0.54 


8.7 2.3 2.2 2.0 1.8 1.7 1.6 1.4 1.3 1.2 1.1 1.0 0.94 0.87 0.80 0.74 0.68 0.62 0.57 0.53 0.49 0.45 


8.8 1.9 1.8 1.7 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 0.73 0.67 0.62 0.57 0.52 0.48 0.44 0.41 0.37 


8.9 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.85 0.79 0.72 0.67 0.61 0.56 0.52 0.48 0.44 0.40 0.37 0.34 0.32 


9.0 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 0.73 0.67 0.62 0.57 0.52 0.48 0.44 0.41 0.37 0.34 0.32 0.29 0.27 
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Table N.2.  Acute Data Without Mussels: Comparison of the Four Taxa Used to Calculate the FAV and CMC in the 1999 


AWQC and this Updated 2013 AWQC Excluding Data for Freshwater Unionid Mussels. 


1999 Draft Update Acute Criterion (CMC) Magnitude (Salmonids 


[Oncorhynchus spp.] present) 


2013 Final Acute Criterion (CMC) Magnitude excluding 


Mussels (Salmonids [Oncorhynchus spp.] absent) 


 


 


 


Species 


GMAV 


pH 8.0, 


T=25°C 
(mg TAN/L) 


GMAV 


pH 7.0, 


T=20°C 
(mg TAN/L) 


 


 


 


Species 


GMAV 


pH 7.0, 


T=20°C 
(mg TAN/L) 


Oncorhynchus sp. (salmonids), includes: O. 


aquabonita, O. clarkii, O. gorbuscha, O. 


kisutch*, O. mykiss*, and O. tshawytscha* 


21.95 99.15 Golden shiner,  


Notemigonus crysoleucas 


63.02 


Orangethroat darter,  


Etheostoma spectabile 


17.96 74.25 Pebblesnail,  


Fluminicola sp. 


62.15 


Golden shiner,  


Notemigonus crysoleucas 


14.67 63.02 Lost River sucker,  


Deltistes luxatus* 


56.62 


Mountain whitefish,  


Prosopium williamsoni 


12.11 51.93 Mountain whitefish,  


Prosopium williamsoni  


51.93 


 


FAV 11.23 48.21 FAV 76 


CMC 5.6 24 CMC 38** 


*Federally-listed as endangered or threatened species  


**CMC Excluding mussels, with Oncorhynchus present is 24 mg TAN/L to protect the recreationally and commercially important species Rainbow Trout.  When 


Oncorhynchus is absent, the CMC is based on the mountain whitefish and is calculated by the ratio of the CMC to the lowest GMAV in the complete acute dataset (0.7249) 


times the lowest GMAV in the dataset excluding mussels (51.93 mg TAN/L for mountain whitefish) which results in a CMC of 37.65 mg TAN/L at pH 7 and 20°C. 
 


  







 


235 


 


Table N.3.  Temperature and pH-Dependent Values of the CMC (Acute Criterion Magnitude) – Unionid Mussels Absent and 


Oncorhynchus Present. 
 Temperature (°C) 


pH 0-14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


6.5 33 33 33 33 33 33 33 33 33 33 33 33 33 33 31 29 27 


6.6 31 31 31 31 31 31 31 31 31 31 31 31 31 31 30 28 26 


6.7 30 30 30 30 30 30 30 30 30 30 30 30 30 30 29 26 24 


6.8 28 28 28 28 28 28 28 28 28 28 28 28 28 28 27 25 23 


6.9 26 26 26 26 26 26 26 26 26 26 26 26 26 26 25 23 21 


7.0 24 24 24 24 24 24 24 24 24 24 24 24 24 24 23 21 20 


7.1 22 22 22 22 22 22 22 22 22 22 22 22 22 22 21 19 18 


7.2 20 20 20 20 20 20 20 20 20 20 20 20 20 20 19 17 16 


7.3 18 18 18 18 18 18 18 18 18 18 18 18 18 18 17 16 14 


7.4 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 14 13 


7.5 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 12 11 


7.6 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 10 9.3 


7.7 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.3 8.6 7.9 


7.8 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 7.8 7.2 6.6 


7.9 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.5 6.0 5.5 


8.0 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.4 5.0 4.6 


8.1 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.5 4.1 3.8 


8.2 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.7 3.4 3.1 


8.3 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.0 2.8 2.6 


8.4 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.5 2.3 2.1 


8.5 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 1.9 1.8 


8.6 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.7 1.6 1.4 


8.7 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.4 1.3 1.2 


8.8 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.1 1.0 


8.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.92 0.85 


9.0 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.85 0.78 0.72 
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Table N.4.  Temperature and pH-Dependent Values of the CMC (Acute Criterion Magnitude) – Unionid Mussels Absent and 


Oncorhynchus Absent. 
 Temperature (°C) 


pH 0-14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


6.5 51 51 51 51 51 51 51 51 51 48 44 40 37 34 31 29 27 


6.6 49 49 49 49 49 49 49 49 49 46 42 39 36 33 30 28 26 


6.7 46 46 46 46 46 46 46 46 46 43 40 37 34 31 29 26 24 


6.8 44 44 44 44 44 44 44 44 44 41 38 35 32 29 27 25 23 


6.9 41 41 41 41 41 41 41 41 41 38 35 32 30 27 25 23 21 


7.0 38 38 38 38 38 38 38 38 38 35 32 30 27 25 23 21 20 


7.1 34 34 34 34 34 34 34 34 34 32 29 27 25 23 21 19 18 


7.2 31 31 31 31 31 31 31 31 31 29 26 24 22 21 19 17 16 


7.3 27 27 27 27 27 27 27 27 27 26 23 22 20 18 17 16 14 


7.4 24 24 24 24 24 24 24 24 24 22 21 19 17 16 15 14 13 


7.5 21 21 21 21 21 21 21 21 21 19 18 16 15 14 13 12 11 


7.6 18 18 18 18 18 18 18 18 18 17 15 14 13 12 11 10 9.3 


7.7 15 15 15 15 15 15 15 15 15 14 13 12 11 10 9.3 8.6 7.9 


7.8 13 13 13 13 13 13 13 13 13 12 11 10 9.2 8.5 7.8 7.2 6.6 


7.9 11 11 11 11 11 11 11 11 11 9.9 9.1 8.4 7.7 7.1 6.5 6.0 5.5 


8.0 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.2 7.5 6.9 6.4 5.9 5.4 5.0 4.6 


8.1 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 6.8 6.2 5.7 5.3 4.9 4.5 4.1 3.8 


8.2 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.6 5.1 4.7 4.4 4.0 3.7 3.4 3.1 


8.3 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.6 4.2 3.9 3.6 3.3 3.0 2.8 2.6 


8.4 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 3.8 3.4 3.2 3.0 2.7 2.5 2.3 2.1 


8.5 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.1 2.9 2.6 2.4 2.2 2.1 1.9 1.8 


8.6 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.6 2.4 2.2 2.0 1.9 1.7 1.6 1.4 


8.7 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.2 2.0 1.8 1.7 1.5 1.4 1.3 1.2 


8.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.8 1.7 1.5 1.4 1.3 1.2 1.1 1.0 


8.9 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.92 0.85 


9.0 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.3 1.2 1.1 1.0 0.93 0.85 0.78 0.72 
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Table N.5.  2013 Acute Criterion Recalculations for Site-specific Criteria. 


Acute Criterion Duration 


(1 hr average) 


at pH 7 and 20°C 


(mg TAN/L) 


Acute Criterion Magnitude 


(CMC)  


Oncorhynchus spp.  


(Rainbow Trout) Present 


Acute Criterion Magnitude 


(CMC)  


Oncorhynchus spp.  


(Rainbow Trout) Absent 


 


Mussels Present 


 


17 17 


 


Mussels Absent 


 


24 38 


Frequency:  Criteria values not to be exceeded more than once in three years. 


 


Table N.6.  Chronic Dataset Without Mussels: Comparison of the Four Taxa used to 


Calculate the CCC in the 1999 AWQC and this Updated 2013 AWQC Excluding Data for 


Freshwater Unionid Mussels. 


1999 Draft Update Chronic Criterion (CCC) Magnitude  
2013 Final Chronic Criterion (CCC) 


Magnitude excluding mussels  


Species 


GMCV 


pH 8.0, 


T=25°C 


(mg TAN/L) 


GMCV 


pH 7.0, 


T=20°C 


(mg TAN/L) Species 


GMCV 


pH 7.0, 


T=20°C 


(mg TAN/L) 


Fathead minnow, 


Pimephales promelas 
3.09 7.503 


Fathead minnow, 


Pimephales promelas 
9.187 


Lepomis sp. 


(Centrarchidae), includes: 


Bluegill sunfish, L. 


macrochirus, and Green 


sunfish, L. cyanellus 


2.85 6.92 
Pebblesnail, 


Fluminicola sp. 
7.828 


Long fingernailclam, 


Musculium transversum 
<2.26 7.547 


Long fingernailclam, 


Musculium transversum 
7.547 


Amphipod, 


Hyalella azteca 
<1.45 4.865 


Lepomis sp. 


(Centrarchidae), includes: 


Bluegill, L. macrochirus and 


Green sunfish, L. cyanellus 


6.920 


CCC 1.2 4.5* CCC 6.5 


*Based on data renormalized to pH 7.0 and T 20°C 
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Table N.7.  Chronic Criterion Recalculations for Site-Specific Criteria. 


Chronic Criterion Duration 


(30-day average) 


at pH 7 and 20°C 


(mg TAN/L) 


Chronic Criterion 


Magnitude (CCC)  


Fish ELS Present 


Chronic Criterion 


Magnitude (CCC) 


 Fish ELS Absent 


 


Mussels Present 


 


1.9 1.9 


 


Mussels Absent 


 


6.5 7.1 


Not to exceed 2.5 times the CCC as a 4-day average within the 30-day averaging period. 


Frequency: Criteria values not to be exceeded more than once in three years. 
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Table N.8.  Temperature and pH-Dependent Values of the CCC (Chronic Criterion Magnitude) – Mussels Absent and Early 


Life Stage (ELS) Protection Necessary. 


 Temperature (°C) 


pH 0-14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


6.5 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.0 6.6 6.2 5.8 5.4 5.1 4.8 4.5 4.2 


6.6 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2 6.9 6.5 6.1 5.7 5.4 5.0 4.7 4.4 4.1 


6.7 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 6.8 6.4 6.0 5.6 5.3 4.9 4.6 4.3 4.1 


6.8 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.6 6.2 5.8 5.5 5.1 4.8 4.5 4.2 4.0 


6.9 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.5 6.1 5.7 5.3 5.0 4.7 4.4 4.1 3.9 


7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.2 5.8 5.5 5.1 4.8 4.5 4.2 4.0 3.7 


7.1 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.0 5.6 5.3 4.9 4.6 4.3 4.1 3.8 3.6 


7.2 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.7 5.3 5.0 4.7 4.4 4.1 3.9 3.6 3.4 


7.3 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.4 5.0 4.7 4.4 4.1 3.9 3.6 3.4 3.2 


7.4 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.0 4.7 4.4 4.1 3.9 3.6 3.4 3.2 3.0 


7.5 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.6 4.3 4.1 3.8 3.6 3.3 3.1 2.9 2.8 


7.6 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.2 3.9 3.7 3.5 3.2 3.0 2.9 2.7 2.5 


7.7 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.8 3.5 3.3 3.1 2.9 2.7 2.6 2.4 2.3 


7.8 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.4 3.2 3.0 2.8 2.6 2.4 2.3 2.1 2.0 


7.9 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.0 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.8 


8.0 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.6 2.4 2.3 2.1 2.0 1.9 1.7 1.6 1.5 


8.1 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 


8.2 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 


8.3 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.96 


8.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.3 1.2 1.1 1.1 0.99 0.93 0.87 0.81 


8.5 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.1 1.0 0.95 0.89 0.83 0.78 0.73 0.69 


8.6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.97 0.91 0.85 0.80 0.75 0.70 0.66 0.62 0.58 


8.7 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.82 0.77 0.72 0.68 0.64 0.60 0.56 0.52 0.49 


8.8 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.70 0.65 0.61 0.58 0.54 0.51 0.47 0.44 0.42 


8.9 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.60 0.56 0.52 0.49 0.46 0.43 0.41 0.38 0.36 


9.0 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.51 0.48 0.45 0.42 0.40 0.37 0.35 0.33 0.31 
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Table N.9.  Temperature and pH-Dependent Values of the CCC (Chronic Criterion Magnitude) – Mussels Absent and Early 


Life Stage (ELS) Protection not Necessary. 
 Temperature (°C)      


pH 0-7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


6.5 19 17 16 15 14 13 13 12 11 10 9.7 9.1 8.5 8.0 7.5 7.0 6.6 6.2 5.8 5.4 5.1 4.8 4.5 4.2 


6.6 18 17 16 15 14 13 12 12 11 10 9.6 9.0 8.4 7.9 7.4 6.9 6.5 6.1 5.7 5.4 5.0 4.7 4.4 4.1 


6.7 18 17 16 15 14 13 12 11 11 10 9.4 8.8 8.3 7.7 7.3 6.8 6.4 6.0 5.6 5.3 4.9 4.6 4.3 4.1 


6.8 17 16 15 14 14 13 12 11 10 9.8 9.2 8.6 8.1 7.6 7.1 6.7 6.2 5.8 5.5 5.1 4.8 4.5 4.2 4.0 


6.9 17 16 15 14 13 12 12 11 10 9.5 8.9 8.4 7.8 7.4 6.9 6.5 6.1 5.7 5.3 5.0 4.7 4.4 4.1 3.9 


7.0 16 15 14 14 13 12 11 10 9.8 9.2 8.6 8.1 7.6 7.1 6.7 6.2 5.9 5.5 5.1 4.8 4.5 4.2 4.0 3.7 


7.1 16 15 14 13 12 11 11 10 9.4 8.8 8.3 7.7 7.3 6.8 6.4 6.0 5.6 5.3 4.9 4.6 4.3 4.1 3.8 3.6 


7.2 15 14 13 12 12 11 10 9.5 9.0 8.4 7.9 7.4 6.9 6.5 6.1 5.7 5.3 5.0 4.7 4.4 4.1 3.9 3.6 3.4 


7.3 14 13 12 12 11 10 9.6 9.0 8.4 7.9 7.4 6.9 6.5 6.1 5.7 5.4 5.0 4.7 4.4 4.1 3.9 3.6 3.4 3.2 


7.4 13 12 12 11 10 9.5 9.0 8.4 7.9 7.4 6.9 6.5 6.1 5.7 5.3 5.0 4.7 4.4 4.1 3.9 3.6 3.4 3.2 3.0 


7.5 12 11 11 10 9.4 8.8 8.2 7.7 7.2 6.8 6.4 6.0 5.6 5.2 4.9 4.6 4.3 4.1 3.8 3.6 3.3 3.1 2.9 2.8 


7.6 11 10 10 9.1 8.5 8.0 7.5 7.0 6.6 6.2 5.8 5.4 5.1 4.8 4.5 4.2 3.9 3.7 3.5 3.2 3.0 2.9 2.7 2.5 


7.7 9.9 9.3 8.7 8.1 7.7 7.2 6.8 6.3 5.9 5.6 5.2 4.9 4.6 4.3 4.0 3.8 3.5 3.3 3.1 2.9 2.7 2.6 2.4 2.3 


7.8 8.8 8.3 7.8 7.3 6.8 6.4 6.0 5.6 5.3 5.0 4.6 4.4 4.1 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.3 2.1 2.0 


7.9 7.8 7.3 6.8 6.4 6.0 5.6 5.3 5.0 4.6 4.4 4.1 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.8 


8.0 6.8 6.3 6.0 5.6 5.2 4.9 4.6 4.3 4.0 3.8 3.6 3.3 3.1 2.9 2.7 2.6 2.4 2.3 2.1 2.0 1.9 1.7 1.6 1.5 


8.1 5.8 5.5 5.1 4.8 4.5 4.2 4.0 3.7 3.5 3.3 3.1 2.9 2.7 2.5 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 


8.2 5.0 4.7 4.4 4.1 3.9 3.6 3.4 3.2 3.0 2.8 2.6 2.5 2.3 2.2 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 


8.3 4.2 4.0 3.7 3.5 3.3 3.1 2.9 2.7 2.5 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.96 


8.4 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 0.99 0.92 0.87 0.81 


8.5 3.0 2.8 2.7 2.5 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.95 0.89 0.83


3 


0.78 0.73 0.69 


8.6 2.6 2.4 2.2 2.1 2.0 1.9 1.7 1.6 1.5 1.4 1.3 1.3 1.2 1.1 1.0 0.97 0.91 0.85 0.80 0.75 0.70 0.66 0.62 0.58 


8.7 2.2 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 1.0 0.93 0.88 0.82 0.77 0.72 0.68 0.63 0.60 0.56 0.52 0.49 


8.8 1.8 1.7 1.6 1.5 1.4 1.3 1.3 1.2 1.1 1.0 0.96 0.90 0.85 0.79 0.74 0.70 0.65 0.61 0.58 0.54 0.51 0.47 0.44 0.42 


8.9 1.6 1.5 1.4 1.3 1.2 1.1 1.1 1.0 0.94 0.88 0.82 0.77 0.72 0.68 0.64 0.60 0.56 0.52 0.49 0.46 0.43 0.40 0.38 0.36 


9.0 1.4 1.3 1.2 1.1 1.0 0.98 0.92 0.86


6 


0.81 0.76 0.71 0.66 0.62 0.58 0.55 0.51 0.48 0.45 0.42 0.40 0.37 0.35 0.33 0.31 
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Figure N.1.  Comparison of the 2013 CMC Extrapolated Across a Temperature Gradient 


at pH 7 Accounting for the Presence or Absence of Unionid Mussels and the Presence or 


Absence of Oncorhynchus. 
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Figure N.2.  Comparison of the 2013 CCC Extrapolated Across a Temperature Gradient at 


pH 7 Accounting for the Presence or Absence of Mussels and/or the Need for Early Life 


Stage (ELS) Protection of Fish Species. 
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Lead Paint Program St. Joseph, Missouri Geographic Initiative 


Do-It-Yourself Outreach Plan 


DIY Outreach team members:  
Brandon Boatman, Raymond Bosch, Neftali Hernandez-Santiago, Maria Morey, and John Reyna 


 
 


Goal: Educate the St. Joseph DIY community to work lead-safe.   


Messaging: Work lead-safe! If you are performing a DIY renovation, we want you to know how 


to work lead safe to protect you and your family from lead hazards.  


If you hire out the renovation, we recommend that you hire a lead-safe certified company and 


that they follow lead-safe work practices to protect you and your family from lead hazards. 


Over the next 3-4 months, we will work with a few local key partners in St. Joseph, to educate the DIY 


community to work lead safe. We plan to engage local hardware retailers, paint retailers, and tool rental 


shops to help us get this important message to the DIY community.  We will set up tables in local 


retailers with a “Protect your family from lead. Renovate Right.” sign, show examples of proper 


containment, and the tools needed to perform a lead safe renovation. We will play a loop of the Chip 


Gaines video and be available to the public for questions at these events. We plan to display lead-safe 


renovation supplies and pictures of containment set up at a worksite to show DIY community how to 


renovate lead-safe. Along with these in person events, we will distribute the new DIY flyer and paint stir 


sticks with imprinted lead-safe message, to retailers that the DIY community visits for ideas and tools for 


their projects.  


As discussed in the training, we are agreeable to partnering with other outreach groups for optimal lead 


safety messaging. For example, an event with expecting parents will be a great opportunity for a lead-


safe health message and a lead-safe renovation message to the DIY parents considering a home 


renovation for the baby’s room.    


Supplies: See table below. 


Resources: Printing and Publications:  500 DIY flyers, 300 Renovate Right pamphlets, 200 Steps to Lead 


Safe Renovation, Repair and Painting.  Photographer for shooting images of proper containment and 


supplies used to conduct lead-safe renovations.  


Metrics: Track the number of people we talk to during events. Utilize list of questions developed for all 


outreach group efforts.  


Events: On October 27, 2018, in partnership with the Missouri Department of Health and Senior 


Services, EPA Region 7 will participate in an educational event for the Do-It-Yourself community at the 


Lowes Home Improvement store located in St. Joseph, Missouri. The focus will be on educating the DIY 


community to renovate lead safe by minimizing the creation of dust, containing the work area and 


ensuring the area is clean after the renovation.  


Other events TBD.  







Good ideas not planned for implementation now but possible in the future: Interactive kiosks at retailers 


with a lead-safe message loop or interactive lead-safe quiz. Traveling door containment set-up to show 


how to properly contain a work area.  


Supplies: 


 


Item Price Quality Total Website 
 


12 inch Paint 
Stir Sticks 
Imprinted 
w/Lead 
message 


$0.24 
each 


2,500 $630.00 
with set 
up fee 


https://www.4allpromos.com/product/12-paint-paddle 
 


Public health 
message 
banner 


$600 1 $600 http://www.exhib-
it.com/Default.aspx?PageID=12240627&A=SearchResult&Searc
hID=31651805&ObjectID=12240627&ObjectType=1 
 
 
 


Table top sign $200 1 $200 https://www.trtbanners.com/economy-24-x-40-table-top-
retractable-banner-
stand?gclid=EAIaIQobChMI9pjXobaX3QIVmEwNCh1ExwuUEAYY
BiABEgKGuPD_BwE 
 


Roll of 6mil 
poly 10 ft X 100 
ft clear  


$54.98 1 roll $54.98 https://www.homedepot.com/p/HDX-10-ft-x-100-ft-Clear-6-
mil-Plastic-Sheeting-CFHD0610C/204711636 
 


Spray bottle – 
32 oz  


$2.00 1 $2.00 https://www.homedepot.com/p/HDX-32-oz-All-Purpose-Wide-
Mouth-Sprayer-FG32HD3-21/205050147 
 


Paint scraper – 
3 inch 
 


$8.97 1 $8.97 https://www.homedepot.com/p/Husky-3-in-Stiff-Paint-Scraper-
DSX3S/202038684 
 


Contractor 
plastic demo 
bags 42 gallon 


$24.97 
 


1 $24.97 https://www.homedepot.com/p/Demobags-42-Gallon-
Contractor-Trash-Bags-20-Count-DB20-PROPACK/100661692 
 


Painters tape -
3M Blue 1.88 in 
X 60 yards – 
3pack 


$24.97 1 $24.97 https://www.homedepot.com/p/3M-ScotchBlue-1-88-in-x-60-
yds-Walls-and-Wood-Floors-Painter-s-Tape-with-Edge-Lock-3-
Pack-2080EL-48CVP/203908825 
 


Floor vent 4 
inch X 10 inch 
brown 


$7.84 1 $7.84 https://www.homedepot.com/p/Everbilt-4-in-x-10-in-Brown-
Floor-Diffuser-E150MB-04X10/300539116 
 


Large 
projection 
screen 


   Do we already have one of these w/in region? EJ program may 
have one we can use.  



https://www.4allpromos.com/product/12-paint-paddle

http://www.exhib-it.com/Default.aspx?PageID=12240627&A=SearchResult&SearchID=31651805&ObjectID=12240627&ObjectType=1

http://www.exhib-it.com/Default.aspx?PageID=12240627&A=SearchResult&SearchID=31651805&ObjectID=12240627&ObjectType=1

http://www.exhib-it.com/Default.aspx?PageID=12240627&A=SearchResult&SearchID=31651805&ObjectID=12240627&ObjectType=1

https://www.trtbanners.com/economy-24-x-40-table-top-retractable-banner-stand?gclid=EAIaIQobChMI9pjXobaX3QIVmEwNCh1ExwuUEAYYBiABEgKGuPD_BwE

https://www.trtbanners.com/economy-24-x-40-table-top-retractable-banner-stand?gclid=EAIaIQobChMI9pjXobaX3QIVmEwNCh1ExwuUEAYYBiABEgKGuPD_BwE

https://www.trtbanners.com/economy-24-x-40-table-top-retractable-banner-stand?gclid=EAIaIQobChMI9pjXobaX3QIVmEwNCh1ExwuUEAYYBiABEgKGuPD_BwE

https://www.trtbanners.com/economy-24-x-40-table-top-retractable-banner-stand?gclid=EAIaIQobChMI9pjXobaX3QIVmEwNCh1ExwuUEAYYBiABEgKGuPD_BwE

https://www.homedepot.com/p/HDX-10-ft-x-100-ft-Clear-6-mil-Plastic-Sheeting-CFHD0610C/204711636

https://www.homedepot.com/p/HDX-10-ft-x-100-ft-Clear-6-mil-Plastic-Sheeting-CFHD0610C/204711636

https://www.homedepot.com/p/HDX-32-oz-All-Purpose-Wide-Mouth-Sprayer-FG32HD3-21/205050147

https://www.homedepot.com/p/HDX-32-oz-All-Purpose-Wide-Mouth-Sprayer-FG32HD3-21/205050147

https://www.homedepot.com/p/Husky-3-in-Stiff-Paint-Scraper-DSX3S/202038684

https://www.homedepot.com/p/Husky-3-in-Stiff-Paint-Scraper-DSX3S/202038684

https://www.homedepot.com/p/Demobags-42-Gallon-Contractor-Trash-Bags-20-Count-DB20-PROPACK/100661692

https://www.homedepot.com/p/Demobags-42-Gallon-Contractor-Trash-Bags-20-Count-DB20-PROPACK/100661692

https://www.homedepot.com/p/3M-ScotchBlue-1-88-in-x-60-yds-Walls-and-Wood-Floors-Painter-s-Tape-with-Edge-Lock-3-Pack-2080EL-48CVP/203908825

https://www.homedepot.com/p/3M-ScotchBlue-1-88-in-x-60-yds-Walls-and-Wood-Floors-Painter-s-Tape-with-Edge-Lock-3-Pack-2080EL-48CVP/203908825

https://www.homedepot.com/p/3M-ScotchBlue-1-88-in-x-60-yds-Walls-and-Wood-Floors-Painter-s-Tape-with-Edge-Lock-3-Pack-2080EL-48CVP/203908825

https://www.homedepot.com/p/Everbilt-4-in-x-10-in-Brown-Floor-Diffuser-E150MB-04X10/300539116

https://www.homedepot.com/p/Everbilt-4-in-x-10-in-Brown-Floor-Diffuser-E150MB-04X10/300539116





projector    Do we have a small compact one for travel w/in region? 


Large tv or 
monitor for 
showing 
CGaines video 


   Already w/in region or purchase? 


3M Multi Use 
Duct Tape 1.88 
in X 60 yards 


$5.97 1 $5.97 https://www.homedepot.com/p/3M-1-88-in-x-60-yds-Multi-
Use-Duct-Tape-2960/206714859 
 


7 foot Zip Wall 
2 pack 


$13.97 2 $27.94 https://www.homedepot.com/p/ZipWall-7-ft-Standard-Zipper-
for-Barrier-Protection-2-Pack-
204212/202666239?cm_mmc=Shopping%7CG%7CBase%7CD24
%7CMulti%7CNA%7CPLA%7CAll_RLSA_Paint%7c717000000323
26069%7c58700003839194770%7c92700035462093267&gclid
=EAIaIQobChMI57jvwLeX3QIVRZyzCh0_ZwmiEAQYAyABEgJjRfD
_BwE&gclsrc=aw.ds&dclid=CNr7ts-3l90CFZJDNwodPO8FaA 
 


Adhesive 
zippers 3 in X 
84 inches 2 
pack 


$19.97 2 $39.94 https://www.homedepot.com/p/ZipWall-HDAZ2-Heavy-Duty-
Adhesive-Zippers-3-in-x-84-in-Includes-Knife-2-Pack-
204900/203122824?MERCH=REC-_-PIPHorizontal2_rr-_-
202666239-_-203122824-_-N 
 


Caution Lead 
Hazard Barrier 
Tape 3 in X 100 
yards 


$8.92 2 $17.84 https://www.homedepot.com/p/3-in-x-100-yds-Caution-Lead-
Hazard-Barrier-Tape-28807/203712784 
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Spec. Sci. Name Exp. Type
Media 


Type
Effect


Spec. Common 


Name


Chem. 


Anal.
Test Loc. Effect Meas.


Navicula 


seminulum
Static


Fresh 


water
Population


Diatom
Unmeasu


red
Lab


Population 


growth rate


Navicula 


seminulum
Static


Fresh 


water
Population


Diatom
Unmeasu


red
Lab


Population 


growth rate


Nitzschia linearis Static
Fresh 


water
Mortality


Diatom
Unmeasu


red
Lab Mortality


Anabaena sp.
Fresh 


water
Biochemistry


Blue-Green Algae Lab
Phycobiliprot


eins


Algae
Flow-


through


Salt 


water
Biochemistry


Obs. Dur. 


(Days)
EndpointChem. Pur. Org. Age


Org. 


Lifestg.


Number 


of Doses


CAS #/Chemical: 14798039 - Ammonium


Algae, Moss, Fungi


4 Day(s) EC50


5 Day(s) LC50*


4 Day(s) EC50


Aquatic - 


not 


reported


56 Day(s)


3 27 Day(s) LOEC
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Algae
Unmeasu


red
Lab


General 


biochemical 


effect


Kappaphycus 


alvarezii
Tidal


Salt 


water
Physiology


Seaweed
Unmeasu


red


Field 


natural


Photosynthe


sis


Xanthophyta


Aquatic - 


not 


reported


Salt 


water
Enzyme(s)


Yellow-Green 


Algae Division


Unmeasu


red
Lab


Enzyme 


activity


Kappaphycus 


alvarezii
Pulse


Salt 


water
Growth


Seaweed
Unmeasu


red
Lab


Growth, 


general


Algae Lentic
Fresh 


water
Population


Algae
Unmeasu


red


Field 


artificial


Population 


changes, 


general


Kappaphycus 


alvarezii


Intramus


cular


Salt 


water
Biochemistry


Seaweed
Unmeasu


red
Lab


General 


biochemical 


effect


Pavlova lutheri
Flow-


through


Salt 


water


Accumulatio


n


56 Day(s)


14 Day(s)


Young 


organism


(s)


6
12-18 


Day(s)


2 36 Day(s)


39-62 


Day(s)


2


2 Day(s)


36 Day(s)







Chrysophyte
Measure


d
Lab


Accumulatio


n, general


Phaeodactylum 


tricornutum
Static


Salt 


water
Physiology


Diatom
Unmeasu


red
Lab


Photosynthe


sis


Kappaphycus 


alvarezii
Tidal


Salt 


water
Growth


Seaweed
Unmeasu


red


Field 


natural


Growth, 


general


Kappaphycus 


alvarezii
Renewal


Salt 


water
Growth


Seaweed
Unmeasu


red
Lab


Growth, 


general


Algae
Flow-


through


Salt 


water
Biochemistry


Algae
Unmeasu


red
Lab


General 


biochemical 


effect


Algae Static
Salt 


water
Physiology


Algae
Unmeasu


red
Lab


Nitrogen 


fixation


Aureococcus 


anophagefferens
Static


Salt 


water


Accumulatio


n


2 Day(s)


Young 


organism


(s)


6 24 Day(s)


.2083 


Day(s)


2


56 Day(s)


36 Day(s)


0-.0417 


Day(s)


.25-1 


Day(s)







Chrysophyte
Unmeasu


red
Lab Uptake


Kappaphycus 


alvarezii
Renewal


Salt 


water
Biochemistry


Seaweed
Unmeasu


red
Lab


General 


biochemical 


effect


Skeletonema 


costatum
Static


Salt 


water
Physiology


Diatom
Unmeasu


red
Lab


Photosynthe


sis


Crustacea Lentic
Fresh 


water
Population


Crustacean 


Subphylum


Unmeasu


red


Field 


artificial
Abundance


Hyalella azteca Static
Fresh 


water
Mortality


Scud
Unmeasu


red
Lab Mortality


Hyalella azteca Static
Fresh 


water
Mortality


0-.0417 


Day(s)


Algae, Moss, Fungi; Standard Test Species


2 36 Day(s)


Crustaceans


.0417 


Day(s)


Crustaceans; Standard Test Species


39-62 


Day(s)


Adult(s)


Adult(s)


4 Day(s) LC50


LC501 Day(s)







Scud
Unmeasu


red
Lab Mortality


Hyalella azteca Static
Fresh 


water
Mortality


Scud
Unmeasu


red
Lab Mortality


Hyalella azteca Static
Fresh 


water
Mortality


Scud
Unmeasu


red
Lab Mortality


Hyalella azteca Static
Fresh 


water
Mortality


Scud
Unmeasu


red
Lab Mortality


Adult(s) 4 Day(s) LC50


Adult(s)


Adult(s)


1 Day(s) LC50


LC504 Day(s)


Adult(s) LC501 Day(s)







Hyalella azteca Static
Fresh 


water
Mortality


Scud
Unmeasu


red
Lab Mortality


Hyalella azteca Static
Fresh 


water
Mortality


Scud
Unmeasu


red
Lab Mortality


Hyalella azteca Static
Fresh 


water
Mortality


Scud
Unmeasu


red
Lab Mortality


Hyalella azteca Static
Fresh 


water
Mortality


Scud
Unmeasu


red
Lab Mortality


Adult(s) 1 Day(s) LC50


Adult(s)


Adult(s)


1 Day(s) LC50


LC504 Day(s)


Adult(s) LC504 Day(s)







Hyalella azteca Static
Fresh 


water
Mortality


Scud
Unmeasu


red
Lab Mortality


Hyalella azteca Static
Fresh 


water
Mortality


Scud
Unmeasu


red
Lab Mortality


Hyalella azteca Static
Fresh 


water
Mortality


Scud
Unmeasu


red
Lab Mortality


Lepomis 


macrochirus
Static


Fresh 


water
Mortality


Adult(s)


Adult(s)


1 Day(s) LC50


LC504 Day(s)


Adult(s)


Adult(s)


4 Day(s) LC50


LC504 Day(s)


Fish; Standard Test Species


4 Day(s) LC50







Bluegill
Unmeasu


red
Lab Survival


Lepomis 


macrochirus
Static


Fresh 


water
Mortality


Bluegill
Unmeasu


red
Lab Survival


Lepomis 


macrochirus
Static


Fresh 


water
Mortality


Bluegill
Unmeasu


red
Lab Mortality


Lepomis 


macrochirus
Static


Fresh 


water
Mortality


Bluegill
Unmeasu


red
Lab Survival


Lepomis 


macrochirus
Static


Fresh 


water
Mortality


Bluegill
Unmeasu


red
Lab Survival


Alburnus alburnus


Aquatic - 


not 


reported


Fresh 


water
Mortality


Bleak
Unmeasu


red
Lab Mortality


Lepomis 


macrochirus


Aquatic - 


not 


reported


Fresh 


water
Mortality


4 Day(s) LC50


4 Day(s) LC50


4 Day(s) LC50


4 Day(s)


4 Day(s) LC50*


LC50


Juvenile(


s)
70 Day(s)


LD502 Day(s)







Bluegill
Unmeasu


red
Lab Mortality


Oncorhynchus 


mykiss


Aquatic - 


not 


reported


Fresh 


water
Mortality


Rainbow Trout
Unmeasu


red
Lab Mortality


Carassius auratus


Aquatic - 


not 


reported


Fresh 


water
Mortality


Goldfish
Unmeasu


red
Lab Mortality


Paspalum 


vaginatum
Static


Fresh 


water
Physiology


Seashore 


Paspalum


Unmeasu


red
Lab


Calcium 


uptake


Tracheophyta Lentic
Fresh 


water
Population


Vascular Plant 


Division


Unmeasu


red


Field 


artificial
Abundance


Myriophyllum 


spicatum
Static


Fresh 


water
Population


Juvenile(


s)
70 Day(s)


Fish; Standard Test Species; U.S. Threatened and Endangered Species


2 Day(s) LD50


Fish; U.S. Exotic/Nuisance Species


2 Day(s) LD50


.0833 


Day(s)
NOEC


Flowers, Trees, Shrubs, Ferns


4


Flowers, Trees, Shrubs, Ferns; U.S. Exotic/Nuisance Species


39-62 


Day(s)


EC50/32 Day(s)







Eurasian 


Watermilfoil


Unmeasu


red
Lab Biomass


Myriophyllum 


spicatum
Static


Fresh 


water
Growth


Eurasian 


Watermilfoil


Unmeasu


red
Lab


Growth, 


general


Myriophyllum 


spicatum
Static


Fresh 


water
Population


Eurasian 


Watermilfoil


Unmeasu


red
Lab Biomass


Myriophyllum 


spicatum
Static


Fresh 


water
Growth


Eurasian 


Watermilfoil


Unmeasu


red
Lab


Growth, 


general


Insecta Lentic
Fresh 


water
Population


Insect Class
Unmeasu


red


Field 


artificial
Abundance


Pocillopora 


damicornis


Aquatic - 


not 


reported


Salt 


water
Enzyme(s)


32 Day(s) EC50/


EC50/32 Day(s)


32 Day(s) EC50/


EC50/32 Day(s)


Insects/Spiders


Larva(e)
39-62 


Day(s)


Invertebrates


14-56 


Day(s)







Coral
Unmeasu


red
Lab


Enzyme 


activity


Pocillopora 


damicornis


Flow-


through


Salt 


water
Biochemistry


Coral
Unmeasu


red
Lab


General 


biochemical 


effect


Rotifera Lentic
Fresh 


water
Population


Rotifer Phylum
Unmeasu


red


Field 


artificial
Abundance


Physa 


heterostropha
Static


Fresh 


water
Mortality


Pond Snail, 


Pneumonate Snail


Unmeasu


red
Lab Survival


Physa 


heterostropha
Static


Fresh 


water
Mortality


Pond Snail, 


Pneumonate Snail


Unmeasu


red
Lab Survival


Physa 


heterostropha
Static


Fresh 


water
Mortality


14-56 


Day(s)


56 Day(s)


Molluscs


4 Day(s) LC50


39-62 


Day(s)


4 Day(s) LC50


4 Day(s) LC50







Pond Snail, 


Pneumonate Snail


Unmeasu


red
Lab Survival


Physa 


heterostropha
Static


Fresh 


water
Mortality


Pond Snail, 


Pneumonate Snail


Unmeasu


red
Lab Survival


Physella 


heterostropha
Static


Fresh 


water
Mortality


Pewter Physa, 


Snail


Unmeasu


red
Lab Mortality


4 Day(s) LC50


4 Day(s)


4 Day(s) LC50*


LC50







Conc. 


Type


Conc. 


(Std)


Total


350000 


ug/L


Total


410000 


ug/L


Total


190000 


ug/L


Total


1 mM


Total


50 uM


Resp. Site Ref#
View 


Details


CAS #/Chemical: 14798039 - Ammonium


Algae, Moss, Fungi


5683
View 


Details


View 


Details


949
View 


Details


5683


14690


118161
View 


Details


View 


Details
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Total


10 mM


Total


(20-50) 


uM


Total


5 mM


Total


(200-


500) ug/L


Total


5 mM


Total


14690
View 


Details


View 


Details
3483


17065
View 


Details


7048
View 


Details


3483
View 


Details


Whole 


organism
7747


View 


Details


3483
View 


Details
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umol/L


Total


200 mM


Total


140* ug/L
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500) ug/L


Total


813000 


(627000-
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ug/L


Total
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View 


Details
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Unionize
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Total
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<= 1500 


ug/L


Total


28500 


ug/L


Total
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View 


Details
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Appendix F 


Test Information, C-R Data and Resulting TRAP models for Acute and 
Chronic Ammonia Toxicity Tests Considered Acceptable or 


Unacceptable for TAF and MAF Calculation 


  







Appendix F.1 


Test Information, C-R Data and Resulting TRAP models for Acute 
Ammonia Toxicity Tests Acceptable for TAF and MAF Calculation 


 







 


 


 


 


 


 


 


 


 


 


 


 


Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1 0.93857 0.009828 0.91925 0.9579
StDev 0.15 0.18521 0.008317 0.17024 0.20308
Y0 0.99 0.99306 0.002758 0.98521 0.99737


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 8.6811 8.3032 9.0761 0.009828 0.93857
20 5.9133 5.5987 6.2456 0.012049 0.77183
10 4.873 4.5603 5.2071 0.014581 0.68779


5 4.2498 3.9383 4.5859 0.016693 0.62837
0 3.0543 2.7563 3.3845 0.022336 0.48491


Wang et al. 2007b 
Species: Actinonaias ligamentina (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-2 
Test: #4 (May 2004) 
TAN, mg/L Proportion Surviving 
0.1 1.00 
1 0.99 
2 0.99 
4 0.93 
8 0.69 
16 0.04 L og(mg TA N /L )
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LC50:LC5 = 2.043 







 


 


 


  


Notes: Acceptable model fit.  


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.75 0.75079 1.09E-02 0.72933 0.77225
StDev 0.24 0.23728 8.23E-03 0.22218 0.2546
Y0 0.99 0.99888 1.11E-03 0.99382 0.99997


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 5.6337 5.3621 5.9191 1.09E-02 0.75079
20 3.4449 3.2421 3.6602 1.34E-02 0.53717
10 2.6885 2.4997 2.8915 1.60E-02 0.42951


5 2.2562 2.0806 2.4466 1.78E-02 0.35338
0 1.4777 1.3299 1.6419 2.31E-02 0.16958


Wang et al. 2007b 
Species: Actinonaias ligamentina (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-3 
Test: #2 (repeat) 
TAN, mg/L Proportion Surviving 
0.1 1.00 
0.5 1.00 
1 1.00 
2 0.97 
4 0.70 
8 0.31 
16 0.02 


LC50:LC5 = 2.497 
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Notes: No errors. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.75 0.75255 0.034464 0.67656 0.82853
StDev 0.11 0.11353 0.025659 0.079324 0.19923
Y0 0.95 0.95 0.028137 0.86075 0.98957


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 5.6565 4.7486 6.7379 0.034464 0.75255
20 4.4703 3.5024 5.7057 0.045464 0.65034
10 3.9703 2.9064 5.4236 0.053986 0.59882


5 3.6509 2.5026 5.326 0.060716 0.5624
0 2.9817 1.5767 5.6385 0.078497 0.47446


Wang et 2007b 
Species: Epioblasma capsaeformis (new juvenile) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-6 
Test: Single 
TAN, mg/L % Survival 
0.1 95 
1 95 
2 95 
4 85 
8 10 
16 0 


LC50:LC5 = 1.549 


L og(mg TA N /L )
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.8 0.78992 0.013044 0.76421 0.81564
StDev 0.2 0.18742 0.009212 0.17098 0.2074
Y0 0.96667 0.90987 0.00825 0.89227 0.92543


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 6.1649 5.8104 6.541 0.013044 0.78992
20 4.1801 3.8162 4.5787 0.020016 0.62119
10 3.4367 3.1033 3.806 0.022361 0.53614


5 2.9923 2.6691 3.3547 0.024973 0.47601
0 2.1421 1.8533 2.4758 0.031329 0.33083


Wang et al. 2007b 
Species: Epioblasma capsaeformis (glochidia) 
Test Endpoint: 6 hr Survival 
C-R Curve Label: Am-Acute-7 
Test: #1 
TAN, mg/L Proportion Surviving 
0.1 0.93 
0.5 1.00 
1 0.84 
2 0.86 
4 0.77 
8 0.23 
16 0.01 


LC50:LC5 = 2.060 


L og(mg TA N /L )
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Notes: Acceptable model fit. 


  


Wang et al. 2007b 
Species: Epioblasma capsaeformis (glochidia) 
Test Endpoint: 6 hr Survival 
C-R Curve Label: Am-Acute-8 
Test: #2 
TAN, mg/L Proportion Surviving 
0.1 0.94 
1 0.83 
2 0.68 
4 0.47 
8 0.03 
16 0.15 


LC50:LC5 = 2.944 


L og(mg TA N /L )
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.5 0.50716 0.018114 0.47148 0.54285
StDev 0.28 0.27994 0.017198 0.24991 0.31825
Y0 0.94 0.91793 0.014673 0.88407 0.94447


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 3.2149 2.9613 3.4902 0.018114 0.50716
20 1.7994 1.5815 2.0474 0.028359 0.25513
10 1.3431 1.1433 1.5778 0.035207 0.12811


5 1.0922 0.90698 1.3152 0.040435 0.038292
0 0.6629 0.51582 0.85193 0.053785 -0.17855







 


 


  


Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.4 0.40814 0.02711 0.3523 0.46397
StDev 0.13 0.13554 0.023196 0.10176 0.20299
Y0 0.97 0.96581 0.0168 0.91478 0.99061


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 2.5594 2.2506 2.9105 0.02711 0.40814
20 1.9324 1.6275 2.2946 0.035129 0.28611
10 1.6773 1.3506 2.0829 0.042577 0.2246


5 1.5175 1.1734 1.9623 0.048613 0.18112
0 1.1916 0.79606 1.7836 0.066543 0.076123


Wang et al. 2007a 
Species: Lampsilis abrupta (2 month old) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-10 
Test: Single 
TAN, mg/L Proportion surviving 
0.16 1.00 
0.43 0.97 
0.78 0.93 
1.66 0.88 
3.47 0.18 
7.42 0 


LC50:LC5 = 1.687 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Log X50 0.85 0.89742 6.39E-02 0.76489 1.0299
StDev 0.125 0.30069 7.56E-02 0.2101 0.52769
Y0 0.95 0.93385 3.71E-02 0.81789 0.98629


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 7.8962 5.8196 10.714 6.39E-02 0.89742
20 4.2336 2.5558 7.0128 0.10028 0.62671
10 3.0922 1.5358 6.2258 0.12962 0.49027


5 2.4762 1.0251 5.9816 0.15227 0.39379
0 1.4484 0.18444 11.374 0.27561 0.16088


Wang et al. 2007b  
Species: Lampsilis fasciola (<5 d old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-12 
Test: Single 
TAN, mg/L Proportion Surviving 
0.1 0.95 
1 0.90 
2 1.00 
4 0.50 
8 0.75 
16 0.05 


LC50:LC5 = 3.189 
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Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.9 0.92607 0.011188 0.90406 0.94808
StDev 0.2 0.20774 0.010788 0.18858 0.23128
Y0 0.975 0.97421 0.004558 0.96363 0.98239


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 8.4347 8.018 8.8731 0.011188 0.92607
20 5.4833 5.1181 5.8744 0.015175 0.73904
10 4.4134 4.0495 4.81 0.018886 0.64477


5 3.7855 3.4256 4.1832 0.021857 0.57812
0 2.6134 2.2794 2.9963 0.029602 0.4172


Wang et al. 2007b 
Species: Lampsilis fasciola (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-13 
Test: #1 
TAN, mg/L Proportion Surviving 
0.1 0.97 
0.5 0.98 
1 0.99 
2 0.97 
4 0.86 
8 0.65 
16 0.05 


LC50:LC5 = 2.228 
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Notes: Acceptable model fit. 


  


Wang et al. 2007b 
Species: Lampsilis fasciola (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-14 
Test: #2 
TAN, mg/L Proportion Surviving 
0.1 0.99 
1 0.97 
2 0.91 
4 0.77 
8 0.36 
16 0.05 


LC50:LC5 = 2.849 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.8 0.78769 0.013841 0.76048 0.8149
StDev 0.27 0.27148 0.012501 0.24903 0.29841
Y0 0.975 0.97397 0.006384 0.95819 0.98499


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 6.1333 5.7607 6.5299 0.013841 0.78769
20 3.4937 3.2015 3.8124 0.019247 0.54328
10 2.6309 2.3628 2.9294 0.023628 0.4201


5 2.1527 1.9025 2.4359 0.027097 0.33299
0 1.3265 1.1245 1.5648 0.035932 0.12271







 


 


 


Notes: Acceptable model fit. 


  


Wang et 2007b  
Species: Lampsilis rafinesqueana (<5-d old juvenile) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-16 
Test: #2 
TAN, mg/L Proportion Surviving 
0.1 1.00 
1 1.00 
2 1.00 
4 1.00 
8 0.65 
16 0.30 


LC50:LC5 = 2.328 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.05 1.0514 0.049466 0.94814 1.1548
StDev 0.22 0.21914 0.040601 0.16127 0.34185
Y0 1 0.9999 0.001302 0.93921 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 11.258 8.8744 14.281 0.049466 1.0514
20 7.1476 5.6646 9.0188 0.046632 0.85416
10 5.685 4.2663 7.5754 0.054905 0.75473


5 4.8352 3.4138 6.8486 0.063538 0.68442
0 3.271 1.8264 5.858 0.090157 0.51468







 


 


 


  


Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.6 0.59762 0.029248 0.53831 0.65693
StDev 0.175 0.17581 0.02571 0.13689 0.24582
Y0 0.975 0.97917 0.012371 0.93808 0.99605


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 3.9593 3.4539 4.5387 0.029248 0.59762
20 2.75 2.261 3.3448 0.041028 0.43934
10 2.2886 1.7887 2.9281 0.0502 0.35956


5 2.0098 1.5037 2.6862 0.057487 0.30315
0 1.4688 0.96539 2.2348 0.07565 0.16697


Wang et al. 2007a 
Species: Lampsilis siliquoidea (2 month old) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-21 
Test: Single 
TAN, mg/L Proportion Surviving 
0.16 0.95 
0.43 1.00 
0.78 1.00 
1.66 0.95 
3.47 0.66 
7.42 0.05 


LC50:LC5 = 1.970 
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Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1 1.0314 0.008905 1.0031 1.0597
S 2.5 2.4657 0.11927 2.0862 2.8453
Y0 93 92 0.70711 89.75 94.25


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 10.75 10.071 11.475 0.008905 1.0314
20 7.6268 7.0596 8.2396 0.010547 0.88234
10 6.4153 5.7742 7.1275 0.014367 0.80722


5 5.6767 4.6074 6.9941 0.02848 0.75409
0 4.2252 3.4558 5.1659 0.027431 0.62585


 


 
Wang et al. 2008 
Species: Lampsilis siliquoidea (7 d old juvenile) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-22 
Test:  Experiment 1- pH=7.5 
TAN, mg/L % Survival 
Control (0.1) 93 
1.1 93 
2 90 
3.8 92 
7.7 73 
19 7 


LC50:LC5 = 1.894 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.94835 1.0794 2.1634 -5.8056 7.9643
S 1.7806 5.0067 86.564 -270.48 280.49
Y0 99 96.75 2.3585 89.244 104.26


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 12.005 2.1634 1.0794
20 10.138 8.2192 12.505 0.028634 1.006
10 9.3102 7.6099 11.39 0.027518 0.96896


5 8.7659 7.0464 10.905 0.029797 0.94279
0 7.5794 5.8344 9.8462 0.035706 0.87963


Wang et al. 2008 
Species: Lampsilis siliquoidea (7 d old juvenile) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-27 
Test: Experiment 2- pH=8.0 
TAN, mg/L % Survival 
Control 97 
1 100 
2 100 
4.1 90 
9 90 
19 0 


LC50:LC5 = 1.370 
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Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.88 0.87718 0.010836 0.85587 0.8985
StDev 0.2 0.20119 0.009775 0.18371 0.22236
Y0 0.99 0.97877 0.004793 0.96712 0.98713


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 7.5367 7.1758 7.9158 0.010836 0.87718
20 4.9666 4.6296 5.3281 0.015477 0.69606
10 4.025 3.69 4.3904 0.019086 0.60477


5 3.4691 3.1373 3.8361 0.022024 0.54022
0 2.4232 2.1222 2.7668 0.028782 0.38438


Wang et al. 2007b 
Species: Lampsilis siliquoidea (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-32 
Test: #7 (September 2004) 
TAN, mg/L Proportion surviving 
0.1 1.00 
1 0.97 
2 0.96 
4 0.88 
8 0.45 
16 0.05 


LC50:LC5 = 2.173 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1 0.91515 5.1505 -15.476 17.306
S 2.5 3.4592 343.77 -1090.6 1097.5
Y0 98.333 96.5 2.1794 89.564 103.44


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 8.2253 5.1505 0.91515
20 6.4402 5.2384 7.9177 0.028186 0.8089
10 5.6931 4.5833 7.0716 0.02959 0.75535


5 5.2178 4.1803 6.5127 0.030252 0.71748
0 4.2274 3.3245 5.3755 0.032788 0.62607


Wang et al. 2017 
Species: Margaritifera falcata 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-34 
Test: Single 
TN, mg/L % Survival 
0.1 100 
0.8 100 
1.7 95 
3.5 91 
7.3 64 
16 0 


LC50:LC5 = 1.576 
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Notes: Acceptable model fit. Acceptable noise at low level effects. New acute value added since 2013 ALC document. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.75 0.73401 0.080828 0.47678 0.99124
S 1.5 1.2681 0.37768 0.066098 2.47
Y0 89 87.512 7.1908 64.628 110.4


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 5.4202 2.9977 9.8004 0.080828 0.73401
20 2.7808 1.0003 7.73 0.13952 0.44416
10 1.9865 0.47138 8.3713 0.1963 0.29808


5 1.566 0.24759 9.9044 0.25171 0.19478
0 0.88187 0.090045 8.6367 0.31138 -0.0546


Wang et al. 2017 
Species: Megalonaias nervosa 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-35 
Test: Single 
TAN, mg/L % Survival 
0.1 93 
1.1 85 
2.1 68 
4.4 63 
8.8 20 
19 0 


LC50:LC5 = 3.461 
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Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.73 0.72917 0.012311 0.70498 0.75336
StDev 0.27 0.26901 0.010504 0.24991 0.29131
Y0 0.99 0.99604 0.002091 0.98937 0.99902


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 5.3601 5.0697 5.6671 0.012311 0.72917
20 3.0689 2.8519 3.3023 0.016182 0.48698
10 2.3169 2.1193 2.533 0.019642 0.36491


5 1.8993 1.7137 2.1051 0.022613 0.2786
0 1.1755 1.0274 1.345 0.029442 0.070222


Wang et al. 2007b 
Species: Venustaconcha ellipsiformis (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-40 
Test: Single 
TAN, mg/L Proportion surviving 
0.1 1.00 
0.5 0.99 
1 1.00 
2 0.98 
4 0.58 
8 0.25 
16 0.06 


LC50:LC5 = 2.822 
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Notes: Large SE for StDev, but acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.61275 0.50693 0.088136 0.31056 0.70331
StDev 0.1 0.088552 0.078816 0.061873 0.1554
Y0 0.95 0.95122 0.034059 0.83256 0.99427


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 3.2132 2.0443 5.0503 0.088136 0.50693
20 2.6743 1.1454 6.2443 0.15626 0.42721
10 2.438 0.79667 7.4608 0.19134 0.38703


5 2.2836 0.58506 8.9134 0.2163 0.35862
0 1.95 0.19949 19.06 0.27698 0.29003


Wang et al. 2007b  
Species: Villosa iris (2 month old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-41 
Test: #1 
TAN, mg/L Proportion surviving 
0.1 1.00 
1 0.90 
2 0.95 
4 0.15 
8 0.05 
16 0 


LC50:LC5 = 1.407 
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Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.05 1.0467 0.059845 0.92174 1.1716
StDev 0.27 0.26597 0.065 0.18584 0.46676
Y0 0.98 0.98412 0.015963 0.91316 0.99963


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 11.135 8.351 14.846 0.059845 1.0467
20 6.4154 4.5375 9.0704 0.068312 0.80722
10 4.8589 3.003 7.8618 0.088451 0.68654


5 3.9921 2.1499 7.4129 0.106 0.6012
0 2.4842 0.77312 7.982 0.15465 0.39518


Wang et al. 2007b 
Species: Villosa iris (2 month old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-42 
Test: #2 
TAN, mg/L Proportion surviving 
0.1 1.00 
1 0.95 
2 1.00 
4 0.95 
8 0.65 
16 0.30 


LC50:LC5 = 2.789 
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Notes: Acceptable model fit.  


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.2 1.2051 0.05971 1.0785 1.3317
S 0.24 0.23856 0.056116 0.16668 0.41865
Y0 1 0.9999 0.001291 0.94017 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 16.036 11.981 21.464 0.05971 1.2051
20 9.7799 7.5985 12.587 0.04898 0.99033
10 7.6224 5.4563 10.648 0.060406 0.88209


5 6.3907 4.13 9.8889 0.073434 0.80555
0 4.176 1.7273 10.097 0.11456 0.62076


Scheller et al 1997 
Species: Villosa iris 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-43 
Test: 5-d old juveniles 
TAN, mg/L Proportion surviving 
Control 1.00 
1.22 1.00 
3.58 1.00 
6.13 0.95 
9.29 0.85 
18.18 0.40 


LC50:LC5 = 2.509 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.8 0.80187 0.051785 0.68692 0.91682
StDev 0.17 0.16609 0.040031 0.11605 0.29147
Y0 0.875 0.86624 0.04369 0.75437 0.94


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 6.3368 4.8632 8.2569 0.051785 0.80187
20 4.491 3.0289 6.6588 0.072866 0.65234
10 3.7755 2.2949 6.2114 0.085519 0.57698


5 3.3396 1.8435 6.0497 0.094785 0.52369
0 2.4834 0.95129 6.4828 0.11716 0.39504


Wang et 2007b 
Species: Villosa iris (<5-d old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-44 
Test: Single 
TAN, mg/L Proportion surviving 
0.1 0.85 
1 0.80 
2 0.95 
4 0.75 
8 0.25 
16 0 


LC50:LC5 = 1.897 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.9 0.92326 0.081508 0.75087 1.0956
S 0.3 0.33081 0.099296 0.23114 0.58054
Y0 0.975 0.97062 0.021752 0.89091 0.99708


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 8.3803 5.6347 12.464 0.081508 0.92326
20 4.2212 2.7089 6.5777 0.086312 0.62543
10 2.9877 1.5575 5.7309 0.11802 0.47533


5 2.3399 0.98411 5.5634 0.14611 0.36919
0 1.297 0.23122 7.2759 0.22453 0.11295


Scheller et al 1997 
Species: Villosa iris 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-46 
Test: <3-d old juveniles 
TAN, mg/L Proportion surviving 
Control 0.95 
0.63 1.00 
1.25 0.95 
2.5 1.00 
5 0.50 
10 0.50 


LC50:LC5 = 3.581 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Wang et al. 2007b 
Species: Villosa iris (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-48 
Test: Single 
TAN, mg/L Proportion surviving 
0.1 1.00 
0.5 1.00 
1 0.99 
2 0.99 
4 0.93 
8 0.91 
16 0.13 


LC50:LC5 = 1.527 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.05 1.0718 0.007919 1.0562 1.0875
StDev 0.11 0.10975 0.005819 0.09943 0.12247
Y0 0.99 0.98133 0.003495 0.97313 0.98756


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 11.799 11.382 12.231 0.007919 1.0718
20 9.3979 8.9922 9.8218 0.009688 0.97303
10 8.3798 7.9543 8.8279 0.0114 0.92323


5 7.7271 7.2862 8.1947 0.012812 0.88802
0 6.3534 5.8808 6.864 0.016671 0.80301







 


 


 


 


 


 


 


 


 


 


 


 


Notes: Acceptable model fit.  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.3 1.299 0.013526 1.2724 1.3257
StDev 0.19 0.18561 0.010662 0.16686 0.20915
Y0 1 0.9999 0.0010204 0.96358 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 19.909 18.722 21.17 0.013526 1.299
20 13.55 12.454 14.742 0.018504 1.1319
10 11.161 10.082 12.356 0.022222 1.0477


5 9.7311 8.6721 10.919 0.025079 0.98816
0 6.9886 6.0123 8.1234 0.032328 0.84439


Anderson and Buckley 1998 
Species: Ceriodaphnia dubia 
Test Endpoint: 48 hr Survival 
C-R Curve Label: Am-Acute-49 
Test: Single 
TAN, mg/L Proportion surviving 
0.03 1.00 
9.31 0.92 
16.91 0.77 
27.42 0.29 
35.48 0.07 
43.55 0.01 


LC50:LC5 = 2.046 
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Notes: Acceptable model fit. 


  


Sarda 1994 
Species: Ceriodaphnia dubia 
Test Endpoint: 48 hr Survival 
C-R Curve Label: Am-Acute-50 
Test:   2/22/93 Recon hard water 
TAN, mg/L Proportion surviving 
low 1.00 
low 0.90 
low 1.00 
13.5 1.00 
13.5 1.00 
13.5 1.00 
20.4 1.00 
20.4 0.90 
20.4 1.00 
28 0.30 
28 0.20 
28 0.30 
40 0.20 
40 0.10 
40 0 
52 0.20 
52 0 
52 0.10 


LC50:LC5 = 1.419 


L og(mg TA N /L )
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.5 1.4825 0.014583 1.453 1.512
StDev 0.075 0.090662 0.014742 0.068909 0.13256
Y0 1 0.9865 0.014882 0.91597 0.99984


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 30.373 28.378 32.508 0.014583 1.4825
20 25.169 22.745 27.851 0.021153 1.4009
10 22.894 20.069 26.116 0.026561 1.3597


5 21.411 18.042 25.408 0.033364 1.3306
0 18.214 14.357 23.107 0.041142 1.2604







 


 


 


 


 


 


 


 


 


 


 


 


Notes: Acceptable model fit. 


  


Sarda 1994 
Species: Ceriodaphnia dubia 
Test Endpoint: 48 hr Survival 
C-R Curve Label: Am-Acute-51 
Test:   2/25/93 Recon hard water 
TAN, mg/L Proportion surviving 
low 1.00 
low 1.00 
low 1.00 
15.2 1.00 
15.2 1.00 
15.2 1.00 
25.3 0.60 
25.3 0.60 
25.3 0.50 
29.6 0.50 
29.6 0.40 
29.6 0.20 
39 0.20 
39 0.10 
39 0 
50.2 0.10 
50.2 0 
50.2 0 


LC50:LC5 = 1.628 


L og(mg TA N /L )
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.5 1.4658 0.015815 1.4342 1.4974
StDev 0.125 0.12632 0.013111 0.10504 0.15847
Y0 1 0.9999 0.001825 0.88418 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 29.23 27.179 31.436 0.015815 1.4658
20 22.496 20.35 24.869 0.021558 1.3521
10 19.715 17.434 22.295 0.026081 1.2948


5 17.958 15.594 20.681 0.029546 1.2543
0 14.336 11.839 17.359 0.038297 1.1564







 


 
Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.5 1.476 0.019937 1.4316 1.5204
StDev 0.05 0.05675 0.025296 0.039652 0.099593
Y0 0.8 0.80019 0.053584 0.67142 0.89534


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 29.923 27.014 33.146 0.019937 1.476
20 26.602 22.229 31.835 0.03309 1.4249
10 25.071 19.503 32.228 0.042963 1.3992


5 24.041 17.491 33.045 0.050525 1.381


0 21.727 12.195 38.709 0.070165 1.337


Hazel et al. 1979 
Species: Stenelmis sexlineata 
Test Endpoint: 4 day Survival 
C-R Curve Label: Am-Acute-53 
Test: Single 
TAN, mg/L Proportion surviving 
0.11 0.8 
0.11 0.8 
18.4 0.8 
18.4 0.8 
22 0.8 
22 0.8 
25.5 0.7 
25.5 0.7 
32 0.3 
32 0.2 


LC50:LC5 = 1.245 
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Notes: Acceptable model fit. 


  


Wicks et al. 2002 
Species: Oncorhynchus mykiss 
Test Endpoint: 4 day Survival 
C-R Curve Label: Am-Acute-56 
Test: Resting Fish 
TAN, mg/L % Survival 
0.05 100 
120 100 
150 85 
170 85 
190 18 
255 19 
287.5 45 
360 17 
378 0 


LC50:LC5 = 1.925 


L og(mg TA N /L )
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-1.0 -.5 0 .5 1.0 1.5 2.0 2.5 3.0
0
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40


60


80


100


120


Initial Final S.E. 95% LCL 95% UCL
Log X50 2.75 2.3058 0.044845 2.1998 2.4119
S 5 2.4047 0.84223 0.41319 4.3963
Y0 100 100


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 202.23 158.41 258.16 0.044845 2.3058
20 142.23 96.037 210.65 0.072129 2.153
10 119.11 67.103 211.44 0.1054 2.076


5 105.07 47.994 230.04 0.14391 2.0215
0 77.624 23.97 251.37 0.21581 1.89







 


 


Notes: Acceptable model fit. 


  


Hazel et al. 1979 
Species: Cyprinella lutrensis 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-58 
Test: #2 
TAN, mg/L Proportion surviving 
0.01 1.0 
0.01 1.0 
15 1.0 
15 0.8 
20 0.7 
20 0.8 
25 0.3 
25 0.2 
30 0.0 
30 0.0 


LC50:LC5 = 1.406 


L og(mg TA N /L )
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0


.2


.4


.6


.8


1.0
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.3167 1.325 0.01535 1.2938 1.3563
StDev 0.090628 0.088289 0.012934 0.068716 0.12353
Y0 1 0.9999 0.002236 0.83142 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 21.136 19.67 22.712 0.01535 1.325
20 17.601 15.973 19.395 0.020269 1.2455
10 16.05 14.222 18.113 0.024542 1.2055


5 15.037 12.972 17.43 0.029161 1.1772
0 12.846 10.471 15.76 0.036691 1.1088







 


 


  


Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.95 0.84759 0.014521 0.81799 0.87719
StDev 0.1 0.081393 0.015394 0.059578 0.12842
Y0 1 0.9999 0.002236 0.83143 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 7.0403 6.5765 7.5369 0.014521 0.84759
20 5.9472 5.5119 6.417 0.015609 0.77431
10 5.4624 4.9274 6.0554 0.020159 0.73738


5 5.1436 4.5177 5.8562 0.024192 0.71127
0 4.4486 3.5537 5.5687 0.035327 0.64822


Hazel et al. 1979 
Species: Cyprinella lutrensis 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-59 
Test: #1 
TAN, mg/L Proportion surviving 
0.14 1.0 
0.15 1.0 
5 0.9 
5 1.0 
6 0.9 
6 0.9 
7 0.4 
7 0.4 
8 0.3 
8 0.3 


LC50:LC5 = 1.369 
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Notes: Acceptable model fit.   


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.22915 0.26367 0.002829 0.25639 0.27094
S 4.8541 6.389 0.23968 5.7729 7.0051
Y0 100 99.947 0.69899 98.15 101.74


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.8351 1.8046 1.8661 0.002829 0.26367
20 1.6075 1.5704 1.6453 0.003935 0.20614
10 1.5036 1.4624 1.5461 0.0047 0.17714


5 1.4343 1.391 1.4789 0.005175 0.15664
0 1.2798 1.2336 1.3277 0.006207 0.10715


Hasan and MacIntosh 1986 
Species: Cyprinus carpio 
Test Endpoint: 168 and 96 hr Survival 
C-R Curve Label: Am-Acute-62 
Test: Trial 2 
NH3-N, mg/L % Survival 
0 100 
0.5 100 
0.84 100 
1 100 
1.56 84.4 
2.13 18.7 
2.42 0 
2.62 0 


LC50:LC5 = 1.279 
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Notes: Acceptable model fit. Acceptable noise at low level effects.  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.25 1.2435 0.010493 1.2187 1.2683
S 4.75 4.6908 0.5141 3.4751 5.9064
Y0 100 97.5 1.6366 93.63 101.37


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 17.519 16.546 18.549 0.010493 1.2435
20 14.627 13.439 15.92 0.015562 1.1652
10 13.356 12.043 14.811 0.018996 1.1257


5 12.524 11.127 14.096 0.021721 1.0977
0 10.723 7.7315 14.873 0.060077 1.0303


Buhl 2002 
Species: Hybognathus amarus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-63 
Test: Single 
TAN, mg/L % Survival 
<0.10 100 
2.7 100 
4.44 100 
7.38 90 
13 90 
20.9 20 
35.2 0 
58.2 0 
96.7 0 
168 0 


LC50:LC5 = 1.399 
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Notes: Representative curve slope due to model steepness. Acceptable.  


Swigert and Spacie 1983 
Species: Pimephales promelas 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-69 
Test: 0.2 g fish 
NH3-N, mg/L % Survival 
Control (0.01) 100 
Control (0.01) 100 
0.58 100 
0.61 100 
0.85 100 
0.85 100 
1.1 100 
1.14 100 
1.54 40 
1.56 20 
1.83 0 
1.91 0 


LC50:LC5 = 1.034 
Initial Final S.E. 95% LCL 95% UCL


Log X50 0.14 0.18526 0 0.18526 0.18526
S 20 46.748 0 46.748 46.748
Y0 100 100 0 100 100


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.532 1.532 1.532 0 0.18526
20 1.5045 1.5045 1.5045 0 0.1774
10 1.4909 1.4909 1.4909 0 0.17344


5 1.4813 1.4813 1.4813 0 0.17064
0 1.4584 1.4584 1.4584 0 0.16387







 


 


 


Notes: Large SE for steepness (S), but acceptable model fit.  


Swigert and Spacie 1983 
Species: Pimephales promelas 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-70 
Test: 0.5 g fish 
NH3-N, mg/L % Survival 
Control (0.01) 90 
Control (0.01) 100 
0.3 100 
0.34 100 
0.71 90 
0.75 100 
0.99 100 
1.03 100 
1.56 30 
1.59 60 
2.22 0 
2.41 0 


LC50:LC5 = 1.365 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.18 0.18865 1.51E-02 0.15445 0.22284
S 5 5.0605 2.5711 -0.75577 10.877
Y0 98 97.528 3.3256 90.005 105.05


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.544 1.4271 1.6705 1.51E-02 0.18865
20 1.3062 0.98116 1.739 5.49E-02 0.11602
10 1.2006 0.88198 1.6344 5.92E-02 7.94E-02


5 1.1312 0.84558 1.5132 5.59E-02 5.35E-02
0 0.97957 0.66052 1.4527 7.57E-02 -8.96E-03







  


 


Notes: Acceptable model fit. 


  


Reinbold and Pescitelli 1982c 
Species: Catostomus commersonii 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-71 
Test: #2 
NH3-N, mg/L % Survival 
Control (0.05) 100 
Control (0.05) 100 
0.55 100 
0.59 100 
0.66 100 
0.77 100 
0.83 80 
0.86 90 
1.16 40 
1.34 20 
1.81 0 
1.86 0 


LC50:LC5 = 1.439 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.05 0.040488 0.0072965 0.023983 0.056994
S 4.2 4.3295 0.37218 3.4876 5.1714
Y0 100 100.21 1.7137 96.329 104.08


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.0977 1.0568 1.1402 0.007297 0.040488
20 0.90281 0.85363 0.95482 0.010753 -0.0444
10 0.81811 0.76368 0.87641 0.013217 -0.08719


5 0.76305 0.70701 0.82355 0.014647 -0.11744
0 0.64493 0.58706 0.70852 0.018052 -0.19048







 


 


 


 


Notes: Large SE for steepness, but acceptable model fit.  


Reinbold and Pescitelli 1982d 
Species: Ictalurus punctatus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-74 
Test: #1 
NH3-N, mg/L % Survival 
Control (0.05) 100 
Control (0.05) 100 
0.56 100 
0.6 100 
0.87 100 
0.93 100 
1.43 20 
1.46 70 
2.6 0 
2.66 0 
4.5 0 
4.85 0 


LC50:LC5 = 1.485 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.15 0.14627 0.025362 0.088898 0.20365
S 4 3.9804 2.1789 -0.94846 8.9094
Y0 100 100.79 6.2664 86.61 114.96


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.4005 1.2272 1.5983 0.025362 0.14627
20 1.1322 0.82097 1.5615 0.061713 0.053935
10 1.0172 0.65115 1.5889 0.085632 0.007397


5 0.94295 0.551 1.6137 0.10315 -0.02551
0 0.78532 0.36279 1.6999 0.14826 -0.10496







 


 


 


 


 


 


 


 


 


 


Notes: Acceptable model fit.  


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1 1.0251 0.0095797 0.9985 1.0517
S 3.2 3.2268 0.33642 2.2927 4.1608
Y0 100 100 1.5299 95.752 104.25


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 10.595 9.9655 11.264 0.00958 1.0251
20 8.1506 6.9328 9.5823 0.025313 0.91119
10 7.1414 5.327 9.5737 0.045848 0.85378


5 6.5041 4.2757 9.8939 0.065615 0.81319
0 5.1902 3.4107 7.8983 0.065676 0.71519


 


Jude 1973 
Species: Lepomis gibbosus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-77 
Test: Single 
TAN, mg/L % Survival 
0.08 100 
4.02 100 
11.34 40 
14.23 20 
18.07 0 
24.95 0 
28.1 0 


LC50:LC5 = 1.629 
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Notes: Acceptable model fit. 


  


Hazel et al. 1979 
Species: Lepomis macrochirus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-80 
Test: Single 
TAN, mg/L Proportion surviving 
0.3 1.0 
0.3 1.0 
5.2 1.0 
5.2 1.0 
6.1 0.9 
6.1 0.6 
6.4 0.7 
6.4 0.1 
7.4 0.2 
7.4 1.0 


LC50:LC5 = 1.137 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.9 0.82941 0.007024 0.81486 0.84397
StDev 0.05 0.033202 0.00645 0.024131 0.053194
Y0 1 0.9999 0.001581 0.91171 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 6.7517 6.5292 6.9818 0.007024 0.82941
20 6.3026 6.0621 6.5527 0.007839 0.79952
10 6.0878 5.7878 6.4032 0.009662 0.78446


5 5.9403 5.5826 6.3208 0.011279 0.7738
0 5.5987 5.0429 6.2158 0.015811 0.74809







 


 


 


Notes: No errors. Good interpolation through pre-threshold values. Falling limb well characterized. Acceptable.  


Swigert and Spacie 1983 
Species: Lepomis macrochirus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-83 
Test: July 20, 1982 test 
NH3-N, mg/L % Survival 
Control (0.01) 100 
Control (0.01) 100 
0.49 90 
0.52 100 
0.67 100 
0.8 90 
1.09 100 
1.17 100 
1.32 40 
1.39 70 
1.79 0 
1.84 0 


LC50:LC5 = 1.237 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.15 0.14828 0.01426 0.11602 0.18053
S 12 7.4072 2.7369 1.2158 13.599
Y0 100 97.474 4.711 86.817 108.13


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.4069 1.3062 1.5154 0.01426 0.14828
20 1.255 1.1261 1.3988 0.020815 0.098656
10 1.1848 1.0021 1.4008 0.032144 0.073648


5 1.1375 0.94655 1.367 0.035285 0.055964
0 1.031 0.86267 1.2323 0.034228 0.013272


 







 


 


 


 


 


Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.16 0.16135 6.1007E-05 0.16116 0.16155
S 4.5 4.9011 0.0031973 4.8909 4.9113
Y0 100 100 0.012405 99.96 100.04


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.450 1.4493 1.4506 0.000061007 0.16135
20 1.22 1.2193 1.2207 0.00007625 0.086362
10 1.1183 1.1176 1.1191 0.000092008 0.048566


5 1.0516 1.0508 1.0524 0.00010159 0.021841
0 0.9064 0.9056 0.90719 0.00011968 -0.042681


Swigert and Spacie 1983 
Species: Lepomis macrochirus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-84 
Test: Sept 28,1982 test 
TAN, mg/L % Survival 
Control (0.01) 100 
0.84 100 
0.88 100 
1.22 80 
1.88 10 
2.29 0 


LC50:LC5 = 1.379 
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Notes: Acceptable model fit. 


  


Hazel et al. 1979 
Species: Etheostoma spectabile 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-85 
Test: Single 
TAN, mg/L Proportion surviving 
0 1.0 
0 1.0 
12.6 1.0 
12.6 1.0 
20.4 0.9 
20.4 1.0 
35.5 0.3 
35.5 0.4 
37.7 0.5 
37.7 0.6 LC50:LC5 = 1.760 


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.5 1.5459 0.027914 1.4887 1.6032
StDev 0.15 0.14665 0.036114 0.10247 0.25736
Y0 1 0.9999 0.001581 0.91171 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 35.151 30.812 40.101 0.027914 1.5459
20 25.936 21.797 30.862 0.034964 1.4139
10 22.252 17.311 28.603 0.047094 1.3474


5 19.967 14.412 27.664 0.057041 1.3003
0 15.372 8.2939 28.489 0.083786 1.1867







 


Notes: Acceptable model fit. 


  


Hazel et al. 1979 
Species: Etheostoma spectabile 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-86 
Test: Single 
TAN, mg/L Proportion surviving 
0.04 1.0 
0.04 1.0 
4.6 1.0 
4.6 1.0 
6.2 0.8 
6.2 1.0 
8.7 0.2 
8.7 0.3 
10.9 0.2 
10.9 0.2 


LC50:LC5 = 1.491 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.9 0.9112 0.01918 0.87198 0.95042
StDev 0.1 0.10365 0.016034 0.0797 0.14828
Y0 1 0.9999 0.002124 0.84648 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 8.1508 7.4471 8.921 0.01918 0.9112
20 6.5748 5.8953 7.3326 0.022607 0.81788
10 5.9 5.1534 6.7546 0.027153 0.77085


5 5.465 4.6601 6.409 0.030998 0.73759


0 4.5426 3.5794 5.7649 0.041609 0.6573







 


 


 


 


 


 


 


 


 


Notes: Acceptable model fit despite no true control. 


  


Rani et al. 1998 
Species: Oreochromis mossambicus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-87 
Test: Single 
TAN, mg/L % Survival 
105 100 
111 80 
118 50 
124 30 
131 0 
137 0 
144 0 
150 0 
157 0 


LC50:LC5 = 1.113 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 2 2.0727 0.001841 2.0684 2.0771
S 15 14.672 1.2792 11.647 17.697
Y0 100 100


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 118.22 117.04 119.41 0.0018408 2.0727
20 111.6 109.81 113.41 0.0029589 2.0477
10 108.4 106.08 110.76 0.0039639 2.035


5 106.19 103.62 108.83 0.0045037 2.0261
0 101.05 98.395 103.78 0.0048933 2.0045







 


 


  


Notes: No TRAP flags or errors. Acceptable noise at low level effects.  


 


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.7 1.7959 0.014658 1.7553 1.8366
S 3 3.4208 0.40246 2.3034 4.5382
Y0 99 98 1.3375 94.286 101.71


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 62.51 56.918 68.651 0.014658 1.7959
20 48.81 44.415 53.639 0.014758 1.6885
10 43.088 33.357 55.657 0.04004 1.6344


5 39.451 26.109 59.611 0.064566 1.5961
0 31.887 26.562 38.28 0.028581 1.5036


Schuytema and Nebeker 1999a 
Species: Pseudacris regilla 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-89 
Test: ammonium chloride 
NH-4 N, mg/L % Survival 
0.2 97 
2.8 100 
7.3 100 
12.8 100 
24.9 93 
49.7 77 
102.9 3 


LC50:LC5 = 1.584 
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Appendix F.2 


Test Information, C-R Data and Resulting TRAP models for Acute 
Ammonia Toxicity Tests Considered Unacceptable for TAF and MAF 


Calculation 
 







Wang et al. 2007b 
Species: Actinonaias ligamentina (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-1 
Test: #1 
TAN, mg/L Proportion Surviving 
0.1 1.00 
0.5 1.00 
1 1.00 
2 1.00 
4 0.96 
8 0.33 
16 0 


 


 


Notes: TRAP flagged for IP (No Unique Solution).  


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.84 0.8415 0.009133 0.8235 0.85951
StDev 0.14 0.13399 0.007631 0.12056 0.15082
Y0 0.99 0.9999 0.000289 0.99672 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 6.9423 6.6604 7.2361 0.009133 0.8415
20 5.2586 5.043 5.4834 0.009195 0.72087
10 4.5717 4.3496 4.805 0.01089 0.66007


5 4.1408 3.9093 4.3859 0.012533 0.61708
0 3.2606 3.0058 3.5369 0.017502 0.51329
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Notes: TRAP flagged for IP (No Unique Solution).  


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1 1.0181 0.00696 1.0044 1.0319
StDev 0.086 0.085989 0.00377 0.079193 0.094072
Y0 0.97 0.9625 0.005484 0.95014 0.97252


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 10.426 10.101 10.761 0.00696 1.0181
20 8.7234 8.3821 9.0787 0.008758 0.94069
10 7.9739 7.6213 8.3427 0.009897 0.90167


5 7.4831 7.1208 7.8637 0.010835 0.87408
0 6.4191 6.038 6.8242 0.013266 0.80747


Wang et al. 2007b 
Species: Actinonaias ligamentina (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-4 
Test: #3 (March 2004) 
TAN, mg/L Proportion Surviving 
0.1 0.99 
1 0.87 
2 1.00 
4 0.99 
8 0.86 
16 0.01 


LC50:LC5 = 1.393 
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Notes: TRAP flagged for IP (No Unique Solution).  


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.179 0.14245
S 1.83 2.0373
Y0 92 92


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.3882 0.14245
20 0.9163 -0.03796
10 0.74321 -0.12889


5 0.64094 -0.19318
0 0.44832 -0.34841


Wang et al. 2017 
Species: Amblema plicata 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-5 
Test: Single 
TAN, mg/L % Survival 
0.1 92 
0.4 92 
1.9 24 
4.3 2.8 
8.6 0 
15.3 0 


LC50:LC5 = 2.166 
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Notes: Not core data. TRAP flagged for IP (No Unique Solution).  


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.35 0.35571
StDev 0.1 0.099014
Y0 1 0.9999


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 2.2684 0.35571
20 1.8474 0.26657
10 1.6659 0.22164


5 1.5484 0.18987
0 1.2977 0.11318


Wang et al. 2007b 
Species: Lampsilis abrupta (2-mo old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-9 
Test: Single 
TAN, mg/L Proportion Surviving 
0.1 1.0 
1 1.0 
2 0.70 
4 0.0 
8 0.0 
16 0.0 L og(mg TA N /L )
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Notes: TRAP flagged for IP (No Unique Solution).  


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 -0.65 -0.64503 0.81873 -2.3477 1.0576
S 5 5.6485 60.674 -120.53 131.83
Y0 92.5 92.5 2.4398 87.426 97.574


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 0.22645 0.0044907 11.419 0.81873 -0.64503
20 0.19494 0.181 0.20995 0.015495 -0.7101
10 0.18076 0.16626 0.19653 0.017466 -0.74289


5 0.17136 0.15629 0.18789 0.019225 -0.76608
0 0.15064 0.13494 0.16817 0.022988 -0.82207


Mummert et al. 2003 
Species: Lampsilis fasciola (2-5 d old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-11 
Test: Single 
NH3, mg/L % Survival 
0.01 100 
0.01 100 
0.01 100 
0.01 80 
0.054 100 
0.054 90 
0.054 90 
0.054 90 
0.11 100 
0.11 100 
0.11 90 
0.11 70 
0.19 90 
0.19 80 
0.19 80 
0.19 60 
0.34 0 
0.34 0 
0.34 0 
0.34 0 
0.54 0 
0.54 0 
0.54 0 
0.54 0 


LC50:LC5 = 1.321 
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Notes: TRAP flagged for IP (No Unique Solution).  


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1 1.017
StDev 0.07 0.046441
Y0 0.98 0.9798


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 10.399 1.017
20 9.4432 0.97512
10 8.9955 0.95402


5 8.6917 0.93911
0 8 0.90309


Wang et 2007b 
Species: Lampsilis rafinesqueana (<5-d old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-15 
Test: #1 
TAN, mg/L Proportion Surviving 
0.1 1.00 
1 0.95 
2 0.95 
4 1.00 
8 1.00 
16 0 


LC50:LC5 = 1.196 
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Notes: TRAP flagged for IP (No Unique Solution).  


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.92 0.92278 9.26E-03 0.90452 0.94104
StDev 0.13 0.12983 7.08E-03 0.11731 0.14535
Y0 0.99 0.988 2.81E-03 0.9811 0.99287


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 8.3711 8.0265 8.7306 0.0093 0.92278
20 6.3959 5.9872 6.8324 0.0145 0.8059
10 5.5846 5.1797 6.0212 0.0165 0.74699


5 5.0739 4.6624 5.5217 0.0184 0.70534
0 4.0251 3.6152 4.4815 0.0231 0.60478


Wang et al. 2007b 
Species: Lampsilis rafinesqueana (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-17 
Test:  NMAm1d 
TAN, mg/L Proportion Surviving 
0.1 0.99 
0.5 0.99 
1 0.99 
2 0.98 
4 0.99 
8 0.55 
16 0.01 


LC50:LC5 = 1.650 


L og(mg TA N /L )


24
 h


r s
ur


vi
va


l


-1.0 -.5 0 .5 1.0 1.5
0


.1


.2


.3


.4


.5


.6


.7


.8


.9


1.0


1.1







 


 


 


 


Notes: Not core data. No effect within area of concern. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.3 0.25554 0.088737 0.071783 0.4393
S 0.4 0.4216 0.13558 0.29458 0.73989
Y0 0.895 0.89106 0.071321 0.6646 0.98568


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.8011 1.1797 2.7497 0.088735 0.25553
20 0.75155 0.29505 1.9143 0.186 -0.12404
10 0.48379 0.12728 1.8388 0.24763 -0.31534


5 0.35431 0.064686 1.9407 0.29402 -0.45062
0 0.16704 0.00388 7.1906 0.50392 -0.77719


Myers-Kinzie 1998 
Species: Lampsilis siliquoidea (juvenile) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-18 
Test: 5-d old 
TAN, mg/L Proportion Surviving 
0.1 0.895 
1.2 0.55 
1.7 0.35 
2.4 0.60 
3.4 0.20 
4.9 0.10 


LC50:LC5 = 5.083 
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Notes: TRAP flagged for IP (No Unique Solution).  


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1 0.92541 5.962 -18.048 19.899
S 1.5 2.9245 235.14 -745.41 751.26
Y0 93.75 93.75 2.3936 86.133 101.37


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 8.4218 5.962 0.92541
20 6.3056 4.9165 8.0872 3.40E-02 0.79973
10 5.4499 4.1284 7.1943 3.79E-02 0.73639


5 4.9158 3.6801 6.5665 3.95E-02 0.6916
0 3.8323 2.7802 5.2826 4.38E-02 0.58346


Miao et al. 2010 
Species: Lampsilis siliquoidea (3 mo old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-19 
Test: Single 
TAN, mg/L % Survival 
<0.1 95 
0.8 90 
1.8 90 
3.7 100 
7.1 65 
18.5 0 


LC50:LC5 = 1.713 
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Notes: Not core data. TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.7 0.69001
StDev 0.1 0.086988
Y0 0.96667 0.96667


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 4.8979 0.69001
20 4.0897 0.61169
10 3.7344 0.57222


5 3.502 0.54431
0 2.9987 0.47693


Wang et al. 2007b 
Species: Lampsilis siliquoidea (2-mo old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-20 
Test: Single 
TAN, mg/L Proportion Surviving 
0.1 0.95 
1 1.00 
2 0.95 
4 0.80 
8 0.00 
16 0.00 


LC50:LC5 = 1.399 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.7 0.70597 0 0.70597 0.70597
S 3.3 3.3039 0 3.3039 3.3039
Y0 100 100 0 100 100


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 5.0812 5.0812 5.0812 0 0.70597
20 3.933 3.933 3.933 0 0.59472
10 3.4567 3.4567 3.4567 0 0.53866


5 3.1551 3.1551 3.1551 0 0.49901
0 2.531 2.531 2.531 0 0.4033


 


 
Wang et al. 2008 
Species: Lampsilis siliquoidea (7-d old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-23 
Test: Experiment 1- pH=8.0 
TAN, mg/L % Survival 
Control (0.1) 100 
1 100 
1.9 100 
3.8 83 
8.6 3 
19 0 


LC50:LC5 = 1.610 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.55 0.55086 0.020101 0.48689 0.61483
S 3 2.9209 0.80711 0.35231 5.4895
Y0 94.333 95 2.8868 85.813 104.19


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 3.5552 3.0683 4.1194 0.020101 0.55086
20 2.6609 1.868 3.7904 0.048282 0.42503
10 2.2994 1.4295 3.6985 0.06486 0.36161


5 2.0738 1.1808 3.6422 0.076859 0.31677
0 1.6162 0.73678 3.5454 0.1072 0.2085


 


 
Wang et al. 2008 
Species: Lampsilis siliquoidea (7-d old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-24 
Test: Experiment 1- pH=8.5 
TAN, mg/L % Survival 
Control (0.1) 100 
1.1 90 
1.9 93 
3.9 37 
8.5 0 
19 0 


LC50:LC5 = 1.714 
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Notes: Poor model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.03 0.035716 2.8802 -9.1305 9.2019
S 2.5 4.1108 331.5 -1050.9 1059.1
Y0 100 94.333 4.6268 79.609 109.06


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.0857 2.8802 0.035716
20 0.8837 0.61346 1.273 0.049811 -0.05369
10 0.79661 0.55448 1.1445 0.049446 -0.09876


5 0.74025 0.51427 1.0655 0.049706 -0.13062
0 0.62009 0.42061 0.91418 0.052971 -0.20755


Wang et al. 2008  
Species: Lampsilis siliquoidea (7-d old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-25 
Test:  Experiment 1- pH=9.0 
TAN, mg/L % Survival 
Control (0.1) 100 
0.3 100 
0.5 83 
1 60 
1.9 0 
4.4 0 


LC50:LC5 = 1.467 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.946 1.946 1.31E-07 1.946 1.946
S 5.795 5.9561 4.64E-06 5.956 5.9561
Y0 100 100 1.60E-11 100 100


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 88.318 1.946
20 76.619 1.8843
10 71.324 1.8532


5 67.802 1.8312
0 60 1.7782


Wang et al. 2008 
Species: Lampsilis siliquoidea (7-d old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-26 
Test: Experiment 2- pH=6.6 
TAN, mg/L % Survival 
Control (0.1) 100 
7.1 100 
15 100 
30 100 
60 100 
130 0 


LC50:LC5 = 1.303 
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Notes: Not core data. TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1 1.0115 0.031069 0.94473 1.0782
StDev 0.1 0.11531 0.023183 0.08303 0.18856
Y0 1 0.9875 0.012422 0.93231 0.99968


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 10.268 8.8051 11.973 0.031069 1.0115
20 8.0847 6.5359 10 0.041149 0.90766
10 7.1671 5.4829 9.3687 0.048929 0.85534


5 6.5818 4.7347 9.1496 0.056827 0.81835
0 5.3583 3.2411 8.8587 0.070743 0.72903


Wang et al. 2007b 
Species: Lampsilis siliquoidea (<5 d old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-28 
Test: Single 
TAN, mg/L Proportion surviving 
0.1 1.00 
1 1.00 
2 1.00 
4 0.95 
8 0.80 
16 0.05 


LC50:LC5 = 1.560 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.07 1.0586 6.28E-03 1.0462 1.071
StDev 8.80E-02 8.83E-02 3.69E-03 8.16E-02 9.62E-02
Y0 0.999 0.996 1.63E-03 0.99131 0.99853


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 11.444 11.122 11.775 6.28E-03 1.0586
20 9.5298 9.2228 9.847 7.20E-03 0.97908
10 8.6901 8.3736 9.0185 8.14E-03 0.93902


5 8.1414 7.8158 8.4805 8.94E-03 0.9107
0 6.9552 6.6074 7.3213 1.12E-02 0.84231


Wang et al. 2007b 
Species: Lampsilis siliquoidea (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-29 
Test: #1 
TAN, mg/L Proportion surviving 
0.1 0.99 
0.5 1.00 
1 1.00 
2 0.99 
4 1.00 
8 0.96 
16 0.05 


LC50:LC5 = 1.406 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.19 1.1852 0.011813 1.1619 1.2085
StDev 0.17 0.16785 0.012412 0.14665 0.19628
Y0 0.99 0.98867 0.002733 0.98192 0.99338


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 15.319 14.519 16.163 0.011813 1.1852
20 10.817 10.239 11.428 0.012027 1.0341
10 9.0772 8.4582 9.7415 0.015366 0.95795


5 8.0186 7.363 8.7325 0.018436 0.9041
0 5.944 5.2237 6.7637 0.027318 0.77408


Wang et al. 2007b 
Species: Lampsilis siliquoidea (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-30 
Test: #3 
TAN, mg/L Proportion surviving 
0.1 0.99 
0.5 0.99 
1 0.99 
2 0.98 
4 0.99 
8 0.94 
16 0.45 


LC50:LC5 = 1.910 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.15 1.1502 0.008313 1.1339 1.1666
StDev 0.12 0.1159 0.006908 0.1038 0.13123
Y0 0.99 0.995 0.002036 0.98915 0.99816


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 14.133 13.61 14.677 0.008313 1.1502
20 11.115 10.651 11.599 0.009362 1.0459
10 9.8471 9.3567 10.363 0.01116 0.99331


5 9.039 8.5254 9.5836 0.012727 0.95612
0 7.351 6.7851 7.964 0.017182 0.86634


Wang et al. 2007b 
Species: Lampsilis siliquoidea (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-31 
Test: #4 (April 2004) 
TAN, mg/L Proportion surviving 
0.1 0.99 
1 1.00 
2 1.00 
4 0.99 
8 0.99 
16 0.33 


LC50:LC5 = 1.564 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.99 0.99123 0.007862 0.97573 1.0067
StDev 0.11 0.11506 0.005802 0.10473 0.12768
Y0 0.99 0.99933 0.000666 0.99629 0.99998


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 9.8 9.4565 10.156 0.007862 0.99123
20 7.7203 7.3566 8.1021 0.010607 0.88764
10 6.8459 6.4617 7.2529 0.012653 0.83543


5 6.288 5.8927 6.7097 0.014179 0.79851
0 5.1213 4.7112 5.5672 0.018051 0.70938


Wang et al. 2007b 
Species: Lampsilis siliquoidea (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-33 
Test: #2 (repeat) 
TAN, mg/L Proportion surviving 
0.1 1.00 
0.5 1.00 
1 1.00 
2 1.00 
4 1.00 
8 0.76 
16 0.03 


LC50:LC5 = 1.559 
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Notes: No effect within area of concern. 


  


Scheller et al 1997 
Species: Pyganodon grandis (adult) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-36 
Test: pH 7.71 test 
TAN, mg/L Proportion surviving 
0.1 0.95 
9.6 0.65 
29.8 0.4 
99 0 
311.1 0.05 


LC50:LC5 = 4.322 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.25 1.2628 0.096872 1.0568 1.4689
S 0.38 0.37956 0.079223 0.27049 0.6355
Y0 0.95 0.94769 0.049676 0.74857 0.99846


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 18.316 11.396 29.437 0.096872 1.2628
20 8.3391 3.9215 17.733 0.14697 0.92112
10 5.6091 1.5992 19.674 0.22977 0.7489


5 4.2376 1.3118 13.689 0.20189 0.62712
0 2.1534 0.33035 14.037 0.25878 0.33311







 


 


 


 


 


Notes: No effect within area of concern. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.3 1.3218 0.10493 1.1055 1.538
S 0.5 0.52211 0.087665 0.39381 0.7748
Y0 1 0.9999 0.002236 0.83139 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 20.977 12.751 34.511 0.10493 1.3218
20 7.1072 2.8819 17.528 0.18475 0.8517
10 4.119 1.4946 11.352 0.19972 0.61479


5 2.8008 0.85189 9.2081 0.22588 0.44727
0 1.1037 0.19577 6.2223 0.28801 4.29E-02


Scheller et al 1997 
Species: Pyganodon grandis (adult) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-37 
Test: pH 7.5 test 
TAN, mg/L Proportion surviving 
0.1 1.00 
10 0.65 
29.2 0.50 
102.5 0.10 
294.7 0.00 
1030 0.00 


LC50:LC5 = 7.490 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Wade 1992 
Species: Utterbackia imbecillis 
Test Endpoint:  9 day Survival 
C-R Curve Label: Am-Acute-38 
Test: Single 


TAN, mg/L 
Proportion 
surviving 


0.52 1.00 
0.52 1.00 
0.52 1.00 
2.54 1.00 
2.54 1.00 
2.54 1.00 
4.7 1.00 
4.7 1.00 
4.7 1.00 
9.04 1.00 
9.04 0.933 
9.04 1.00 
17.59 0.533 
17.59 0.467 
17.59 0.533 


LC50:LC5 = 1.794 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.25 1.2494 2.84E-02 1.1913 1.3075
S 0.15 0.15161 2.51E-02 0.11474 0.22351
Y0 0.999 0.9999 8.68E-04 0.97244 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 17.759 15.534 20.302 2.84E-02 1.2494
20 12.969 11.58 14.526 2.34E-02 1.1129
10 11.069 9.5994 12.765 2.83E-02 1.0441


5 9.8965 8.2987 11.802 3.38E-02 0.99548
0 7.5517 5.6218 10.144 4.99E-02 0.87805







 


 


 


Notes: No effect within area of concern. 


  


Wang et al. 2017 
Species: Utterbackia imbecilis (glochidia) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-39 
Test: Single 
TAN, mg/L % Survival 
0.1 90 
0.9 58 
1.8 60 
3.6 0 
8 0 
16 0 


LC50:LC5 = 3.339 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.25 0.23034 0.088434 -0.015196 0.47587
S 1.5 1.306 0.55383 -0.2317 2.8437
Y0 90 90


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.6996 0.96562 2.9914 0.088434 0.23034
20 0.889 0.31487 2.51 0.16236 -0.051097
10 0.6413 0.14971 2.7471 0.22756 -0.19294


5 0.50905 0.094623 2.7386 0.2632 -0.29324
0 0.29149 0.045132 1.8826 0.29179 -0.53538







 


 


Notes: No effect within area of concern. 


  


Mummert et al. 2003 
Species: Villosa iris (2-5 d old juveniles) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-45 
Test: Single 
TAN, mg/L % Survival 
0.005 90 
0.005 90 
0.005 90 
0.005 90 
0.053 70 
0.053 70 
0.053 70 
0.053 60 
0.098 80 
0.098 60 
0.098 30 
0.098 30 
0.21 10 
0.21 10 
0.21 0 
0.21 0 
0.33 10 
0.33 10 
0.33 0 
0.33 0 
0.55 10 
0.55 0 
0.55 0 
0.55 0 


LC50:LC5 = 2.879 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 -1 -1.0061 4.27E-02 -1.0948 -0.91735
S 1.5 1.4888 0.2661 0.93537 2.0421
Y0 90 88.091 5.4161 76.828 99.354


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 0.098613 0.080392 0.12096 0.042662 -1.0061
20 0.055854 0.039399 0.079181 0.072883 -1.2529
10 0.04194 0.025352 0.069381 0.10512 -1.3774


5 0.034248 0.018233 0.064333 0.13165 -1.4654
0 0.021001 0.010613 0.041554 0.14252 -1.6778







 


 


 


 


 


Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.12112 0.57144 0.023246 0.52538 0.6175
S 0.61041 0.2455 0.017302 0.21577 0.28482
Y0 0.97368 0.97486 0.01466 0.92674 0.99504


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 3.7277 3.3526 4.1448 0.023246 0.57144
20 2.2409 1.9111 2.6275 0.034715 0.35042
10 1.7339 1.4331 2.0978 0.041292 0.23902


5 1.4463 1.1676 1.7915 0.046118 0.16025
0 0.93344 0.71057 1.2262 0.057616 -0.02992


Scheller et al 1997 
Species: Villosa iris (glochidia) 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-47 
Test: Single 
TAN, mg/L Proportion surviving 
0.01 0.97 
3.25 0.65 
6.4 0.02 
14 0.01 
28 0.01 
55 0.00 
95 0.00 


LC50:LC5 = 2.557 
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Notes: No effect within area of concern. 


  


Evans 1979 
Species: Orconectes nais (2.78 cm) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-52 
Test: Single 
Unionized 
ammonia NH3, 
mg/L Proportion surviving 
0.04 0.9 
0.04 0.9 
2.035 0.6 
2.035 0.6 
3.16 0.5 
3.16 0.5 
3.3 0.7 
3.3 0.5 
4.1 0.3 
4.1 0.4 


LC50:LC5 = 5.851 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.6 0.57308 0.1026 0.35902 0.78713
StDev 0.5 0.45808 0.34387 0.32007 0.8039
Y0 0.9 0.89842 0.067529 0.68107 0.98713


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 3.7418 2.2857 6.1253 0.1026 0.57308
20 1.4477 0.34403 6.0917 0.28363 0.16067
10 0.89705 0.080005 10.058 0.44456 -0.047183


5 0.6395 0.02374 17.227 0.56446 -0.19416
0 0.2825 0.00040779 195.7 0.86727 -0.54898







 


 


 


 


Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 2.2623 2.2621
StDev 0.062719 0.055447
Y0 1 0.9999


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 182.86 2.2621
20 163.01 2.2122
10 153.83 2.187


5 147.66 2.1693
0 133.75 2.1263


Wicks and Randall 2002 
Species: Oncorhynchus mykiss (juvenile) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-54 
Test: Single 
TAN, mg/L Proportion surviving 
0.4 1.00 
0.4 1.00 
189 0.40 
189 0.40 
250 0.00 
250 0.00 
272 0.00 
272 0.00 


LC50:LC5 = 1.238 
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Notes: No effect within area of concern. 


  


Wicks et al. 2002 
Species: Oncorhynchus mykiss (40 g) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-55 
Test: Swimming 
TAN, mg/L % Survival 
0.05 100 
4 75 
11 78 
9.5 70 
27 46 
30 46 
36 38 
40 40 
54 22 
56 27 LC50:LC5 = 11.16 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.5 1.3955 0.076062 1.2157 1.5754
S 1 0.65278 0.11673 0.37674 0.92881
Y0 100 96.621 6.3199 81.677 111.57


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 24.86 16.431 37.616 0.076062 1.3955
20 6.799 2.8895 16 0.15717 0.83247
10 3.538 1.111 11.263 0.2127 0.54869


5 2.229 0.54258 9.1539 0.25948 0.34803
0 0.73 0.067208 7.9391 0.4382 -0.1364







 


 


 


  


Notes: Poor model fit. Large SE for X50, steepness (S). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.125 0.16964 3.0863 -9.6522 9.9915
S 6 9.5648 817.58 -2592.3 2611.5
Y0 100 98 2 91.635 104.36


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.4779 2.2E-10 9806800000 3.0863 0.16964
20 1.3528 1.2837 1.4255 0.0071529 0.13122
10 1.2938 1.214 1.3787 0.0086776 0.11185


5 1.2536 1.1695 1.3437 0.0094742 0.098156
0 1.1617 1.0709 1.2602 0.011109 0.065095


Swigert and Spacie 1983 
Species: Campostoma anomalum (2.1 g) 
Test Endpoint: 4 day Survival 
C-R Curve Label: Am-Acute-57 
Test: Single 
NH3-N, mg/L % Survival 
0.01 100 
0.45 100 
0.56 100 
0.83 92 
1.36 77 
1.88 0 


LC50:LC5 = 1.179 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.05 0.047086
S 8 15.747
Y0 100 100


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.1145 0.047086
20 1.0562 1.0562 1.0562 5.8847E-14 0.023746
10 1.028 1.028 1.028 6.5628E-14 0.011982


5 1.0085 1.0085 1.0085 6.8491E-14 0.003664
0 0.9629 0.9629 0.9629 7.6208E-14 -0.01642


Swigert and Spacie 1983 
Species: Cyprinella spiloptera (0.5 g) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-60 
Test: Single 
NH3-N, mg/L % Survival 
0.01 100 
0.88 100 
0.89 100 
1.08 69.2 
1.29 0 


LC50:LC5 = 1.105 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.2 0.2151
S 6 7.5897
Y0 97.5 97.5


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.641 0.2151
20 1.4678 0.16667
10 1.3876 0.14226


5 1.3335 0.12501
0 1.2115 8.33E-02


Hasan and MacIntosh 1986 
Species: Cyprinus carpio 
Test Endpoint: 168 and 96 hr Survival 
C-R Curve Label: Am-Acute-61 
Test: Trial 1 
NH3-N, mg/L % Survival 
0 96.9 
0.19 100 
0.23 100 
0.43 96.9 
0.69 93.7 
1.39 87.5 
2.54 0 
4.8 0 


LC50:LC5 = 1.231 
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Notes: Not core data. TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0 4.30E-02
StDev 0.29 0.10256
Y0 0.98333 0.98333


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.104 4.30E-02
20 0.89251 -4.94E-02
10 0.80182 -9.59E-02


5 0.74331 -0.12883
0 0.61905 -0.20828


EA Engineering 1985 
Species: Notemigonus crysoleucas 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-64 
Test: 254 
Unionized 
ammonia (NH3), 
mg/L Proportion surviving 
0.215 0.95 
0.367 1.00 
0.552 1.00 
1.132 0.45 
2.025 0.00 


LC50:LC5 = 1.485 
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Notes: Poor model fit. 


  


Swigert and Spacie 1983 
Species: Notemigonus crysoleucas (8.7 g) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-65 
Test: Single 
Unionized ammonia 
nitrogen (NH3-N), 
mg/L Proportion surviving 
0.01 100 
0.01 100 
0.07 100 
0.07 100 
0.15 100 
0.14 100 
0.30 80 
0.31 90 
0.58 50 
0.60 70 
1.02 0 
1.08 0 


LC50:LC5 = 1.510 
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Su
rv


iva
l


-2.0 -1.5 -1.0 -.5 0 .5
0


20


40


60


80


100


120


Initial Final S.E. 95% LCL 95% UCL
Log X50 -0.2 -0.19427 0.021893 -0.2438 -0.14475
S 2 3.8214 1.4672 0.50238 7.1404
Y0 100 96.162 3.1152 89.115 103.21


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 0.63933 0.57043 0.71656 0.021893 -0.19427
20 0.51233 0.38705 0.67816 0.053835 -0.29045
10 0.45822 0.24963 0.84112 0.11661 -0.33893


5 0.42344 0.28585 0.62727 0.075441 -0.3732
0 0.34998 0.26422 0.46358 0.053968 -0.45596







 


 


 


 


 


 


 


 


 


 


 


Notes: Not core data. TRAP flagged for IP (No Unique Solution). 


  


EA Engineering 1985 
Species: Pimephales promelas 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-66 
Test: 298 
TAN, mg/L Proportion surviving 
0.1 1.00 
27.1 0.95 
40.48 0.50 
66.03 0.00 
91.4 0.00 
135.67 0.00 


LC50:LC5 = 1.443 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.6 1.5997 0.018846 1.5609 1.6384
StDev 0.1 0.095159 0.012901 0.075293 0.12935
Y0 1 0.9999 0.0022356 0.83144 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 39.78 36.382 43.496 0.018846 1.5997
20 32.659 29.135 36.608 0.023642 1.514
10 29.568 25.768 33.928 0.027798 1.4708


5 27.56 23.55 32.253 0.031032 1.4403
0 23.258 18.754 28.844 0.039159 1.3666







 


 


 


 


 


 


 


 


 


 


 


Notes: Not core data. TRAP flagged for IP (No Unique Solution). 


  


EA Engineering 1985 
Species: Pimephales promelas 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-67 
Test: 299 
TAN, mg/L Proportion surviving 
0.09 1.00 
29.2 0.95 
46.2 0.60 
65.16 0.00 
94.1 0.00 
144.9 0.00 


LC50:LC5 = 1.454 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.5 1.6517 0.019102 1.6124 1.691
StDev 0.15 0.097047 0.014506 0.075198 0.13688
Y0 1 0.9999 0.002235 0.83145 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 44.845 40.967 49.091 0.019102 1.6517
20 36.673 32.689 41.142 0.023732 1.5643
10 33.137 28.782 38.151 0.02822 1.5203


5 30.844 26.146 36.387 0.03215 1.4892
0 25.942 20.519 32.799 0.041255 1.414







 


 


Notes: Not core data. Poor model fit. 


  


Buhl 2002 
Species: Pimephales promelas (4-6 d old) 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-68 
Test:  
TAN, mg/L % Survival 
<0.10 100 
2.7 100 
4.44 90 
7.38 80 
13.00 70 
20.9 20 
35.2 0 
58.2 0 
96.7 0 
168 0 


LC50:LC5 = 1.992 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.2 1.1935 0.028804 1.1254 1.2616
S 2 2.284 0.46024 1.1957 3.3723
Y0 100 94.327 3.4969 86.058 102.6


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 15.613 13.347 18.264 0.028804 1.1935
20 10.779 8.2916 14.012 0.04818 1.0326
10 8.9426 6.2012 12.896 0.067237 0.95146


5 7.8363 5.0525 12.154 0.080606 0.89411
0 5.6972 3.5525 9.1366 0.086746 0.75566







 


 


 


Notes: No TRAP flags for IP, but curve slope based on arbitrary breakpoint. 


  


Swigert and Spacie 1983 
Species: Catostomus commersonii 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-72 
Test: Single 
NH3-N, mg/L % Survival 
Control (0.01) 100 
Control (0.01) 100 
0.07 100 
0.11 100 
0.25 100 
0.25 100 
0.44 100 
0.46 100 
0.79 17 
0.8 9 
1.28 0 
1.55 0 


LC50:LC5 = 1.056 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 -0.125 -0.1167 0 -0.11671 -0.11671
S 12 29.075 0 29.075 29.075
Y0 100 100 0 100 100


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 0.76434 0.76434 0.76434 0 -0.11671
20 0.74241 0.74241 0.74241 0 -0.12935
10 0.7316 0.7316 0.7316 0 -0.13572


5 0.72405 0.72405 0.72405 0 -0.14023
0 0.70614 0.70614 0.70614 0 -0.15111







 


 


 


 


 


Notes: Not core data. TRAP flagged for IP (No Unique Solution). 


  


Log X50 2 2.0097
StDev 0.05 3.75E-02
Y0 1 0.9999


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 102.26 2.0097
20 94.613 1.976
10 90.978 1.9589


5 88.491 1.9469
0 82.765 1.9178


EA Engineering 1985 
Species: Ictalurus punctatus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-73 
Test: 255 
TAN, mg/L Proportion surviving 
1.15 1.00 
18.7 1.00 
33.4 1.00 
49.38 1.00 
92.93 0.85 
145.69 0.00 


LC50:LC5 = 1.156 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Reinbold and Pescitelli1982d 
Species: Ictalurus punctatus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-75 
Test: #2 
NH3-N, mg/L % Survival 
Control (0.05) 100 
Control (0.05) 100 
0.51 100 
0.6 100 
1.09 100 
1.19 100 
1.75 0 
1.89 0 
2.92 0 
3.34 0 
3.48 0 
3.6 0 


LC50:LC5 = 1.140 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.16 0.15985
S 12 12.021
Y0 100 100


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.4449 0.15985
20 1.3467 0.12928
10 1.2998 0.11387


5 1.2676 0.10297
0 1.1931 0.076667







 


Notes: TRAP flagged for IP (No Unique Solution). 


  


Swigert and Spacie 1983 
Species: Ictalurus punctatus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-76 
Test: Single 
NH3-N, mg/L % Survival 
Control (0.01) 100 
Control (0.01) 100 
0.66 100 
0.71 100 
1 90 
1 90 
1.53 0 
1.58 0 
2.13 0 
2.31 0 LC50:LC5 = 1.206 


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.05 0.06575 7.27E-09 0.06575 0.06575
S 8 8.4075 9.3E-07 8.4075 8.4075
Y0 100 100 7.8E-12 100 100


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.1635 1.1635 1.1635 7.2718E-09 0.06575
20 1.052 1.052 1.052 3.7449E-14 0.022033
10 1 1 1 3.479E-14 3.96E-10


5 0.96476 0.96476 0.96476 3.8135E-14 -0.01558
0 0.88472 0.88472 0.88472 4.6146E-14 -0.05319
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Notes: Not core data. No effect within area of concern. 


  


EA Engineering 1985 
Species: Lepomis macrochirus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-78 
Test: 186 
TAN, mg/L Proportion surviving 
0.46 1.00 
34.9 0.70 
59.02 0.45 
84.25 0.10 
118.88 0.00 
178.6 0.00 


LC50:LC5 = 2.054 
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Initial Final S.E. 95% LCL 95% UCL


Log X50 1.7 1.6848 0.038662 1.6049 1.7648
StDev 0.2 0.1867 0.031713 0.14042 0.27859
Y0 1 0.9999 0.0022359 0.83139 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 48.399 40.264 58.178 0.038662 1.6848
20 32.867 24.505 44.081 0.059847 1.5168
10 27.042 18.671 39.166 0.072609 1.432


5 23.558 15.269 36.346 0.081799 1.3721
0 16.886 8.9782 31.758 0.10416 1.2275







 


 


 


Notes: Not core data. No effect within area of concern. 


  


EA Engineering 1985 
Species: Lepomis macrochirus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-79 
Test: 187 
TAN, mg/L Proportion surviving 
0.34 1.00 
32.72 0.70 
51.24 0.40 
81.04 0.00 
127.75 0.00 
257 0.00 


LC50:LC5 = 1.758 
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Initial Final S.E. 95% LCL 95% UCL


Log X50 1.6 1.6228 0.03233 1.5554 1.6901
StDev 0.15 0.14634 0.027707 0.10709 0.23104
Y0 1 0.9999 0.002236 0.83139 1


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 41.954 35.929 48.991 0.03233 1.6228
20 30.976 24.299 39.488 0.048746 1.491
10 26.584 18.885 37.422 0.065337 1.4246


5 23.86 16.481 34.543 0.067327 1.3777
0 18.379 10.453 32.316 0.08635 1.2643







 


 


 


 


  


Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.02 0.02
S 6 6
Y0 95.5 95.5


p Xp 95% LCL95% UCL Log Xp SE Log Xp
50 1.0471 0.02
20 0.90937 -0.041257
10 0.84697 -0.072131


5 0.80545 -0.093962
0 0.7134 -0.14667


Smith et al. 1984 
Species: Lepomis macrochirus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-81 
Test: Single 
NH3, mg/L % Survival 
Control (0.01) 100 
0.08 97.5 
0.161 90 
0.336 92.5 
0.708 97.5 
1.543 0 


LC50:LC5 = 1.300 
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Notes: No TRAP flags for IP, but curve slope based on arbitrary breakpoint. 


  


Swigert and Spacie 1983 
Species: Lepomis macrochirus 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-82 
Test: Jan 22, 1981 test 
NH3-N, mg/L % Survival 
Control (0.01) 100 
Control (0.01) 100 
0.22 100 
0.29 100 
0.33 100 
0.34 100 
0.67 100 
0.68 100 
1.32 36 
1.34 43 
1.53 0 
1.73 0 LC50:LC5 = 1.159 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.1 0.11272 0.003645 0.10447 0.12096
S 10 10.679 2.2361 5.6207 15.737
Y0 100 100 1.1446 97.411 102.59


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.2963 1.272 1.3212 0.003645 0.11272
20 1.1976 1.0991 1.3049 0.016479 0.0783
10 1.1507 0.85415 1.5501 0.05721 0.060953


5 1.1186 0.89055 1.4051 0.043777 0.048688
0 1.0449 0.92165 1.1846 0.024097 0.019076


 







 


 


 


  


Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.6 1.6301
S 4.8 4.7993
Y0 100 100


p Xp 95% LCL 95% UCL Log Xp SE Log Xp


50 42.671 1.6301
20 35.773 1.5536
10 32.731 1.515


5 30.737 1.4877
0 26.41 1.4218


Schuytema and Nebeker 1999a 
Species: Pseudacris regilla 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-88 
Test: ammonium nitrate 
NH4-N, mg/L % Survival 
0.3 100 
3.3 100 
6.9 100 
13.3 100 
25.1 100 
50.9 20 
101.2 0 


LC50:LC5 = 1.388 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 2 1.9841 0 1.9841 1.9841
S 3 3.0575 0 3.0575 3.0575
Y0 100 100 0 100 100


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 96.41 96.41 96.41 0 1.9841
20 73.099 73.099 73.099 0 1.8639
10 63.581 63.581 63.581 0 1.8033


5 57.608 57.608 57.608 0 1.7605
0 45.4 45.4 45.4 0 1.6571


Schuytema and Nebeker 1999a 
Species: Pseudacris regilla 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-90 
Test: ammonium sulfate 
NH4-N, mg/L % Survival 
0.04 100 
2.6 100 
6.1 100 
11.7 100 
23.1 100 
45.4 100 
91.5 56.7 


LC50:LC5 = 1.674 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.5 1.5038
S 5 4.9303
Y0 98.35 98.35


p Xp 95% LCL 95% UCL Log Xp SE Log Xp


50 31.899 1.5038
20 26.868 1.4292
10 24.641 1.3917


5 23.179 1.3651
0 19.996 1.301


Schuytema and Nebeker 1999a 
Species: Xenopus laevis 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-91 
Test: ammonium nitrate 
NH4-N, mg/L % Survival 
0.3 96 
3.3 100 
6.9 99 
13.3 99 
25.1 87 
50.9 0 
101.2 0 


LC50:LC5 = 1.376 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.75 1.7656
S 5.5 6.4217
Y0 100 93.6


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 58.288 1.7656
20 51.091 1.7083
10 47.807 1.6795


5 45.614 1.6591
0 40.724 1.6099


Schuytema and Nebeker 1999a 
Species: Xenopus laevis 
Test Endpoint: 96 hr Survival 
C-R Curve Label: Am-Acute-92 
Test: ammonium sulfate 
NH4-N, mg/L % Survival 
0.04 100 
2.6 91 
6.1 93 
11.7 93 
23.1 91 
45.4 89 
91.5 0 


LC50:LC5 = 1.278 
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Notes: No TRAP flags, but lack of partials greater than 50% to define tail end of curve. 


  


Wang et al. 2007b 
Species: Alasmidonta heterodon 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-93 
Test: glochidia 
TAN, mg/L Proportion surviving 
0.1 0.96 
1 0.91 
2 0.89 
4 0.90 
8 0.84 
16 0.58 


LC50:LC5 = 2.820 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.3 1.3024 0.034365 1.2337 1.3711
StDev 0.27 0.26884 0.041333 0.20701 0.38361
Y0 0.96 0.91417 0.008086 0.89687 0.9294


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 20.062 17.126 23.501 0.034365 1.3024
20 11.49 10.264 12.863 0.023927 1.0603
10 8.6765 7.2734 10.35 0.03627 0.93834


5 7.1135 5.6037 9.0302 0.047597 0.85209
0 4.4039 2.8608 6.7794 0.077515 0.64384







 


 


 


 


 


 


 


 


 


 


 


 


Notes: TRAP flagged for IP (No Unique Solution). Lack of partials greater than 50% to define tail end of curve. 


 


Wang et al. 2007b 
Species: Potamilus ohiensis 
Test Endpoint: 24 hr Survival 
C-R Curve Label: Am-Acute-94 
Test: glochidia 
TAN, mg/L Proportion surviving 
0.1 1.00 
0.5 1.00 
1 1.00 
2 1.00 
4 1.00 
8 0.98 
16 0.58 


LC50:LC5 = 2.944 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.2311 1.2383 1.49E-02 1.2089 1.2677
StDev 0.15169 0.17388 1.27E-02 0.15222 0.2028
Y0 0.99556 0.99933 6.66E-04 0.99629 0.99998


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 3.2149 2.9613 3.4902 0.018114 0.50716
20 1.7994 1.5815 2.0474 0.028359 0.25513
10 1.3431 1.1433 1.5778 0.035207 0.12811


5 1.0922 0.90698 1.3152 0.040435 0.038292
0 0.6629 0.51582 0.85193 0.053785 -0.17855







Appendix F.3 


Test Information, C-R Data and Resulting TRAP models for Chronic 
Ammonia Toxicity Tests Acceptable for TAF and MAF Calculation 


 







 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Notes: Acceptable model fit.  


Anderson et al. 1978 
Species: Musculium transversum 
Test Endpoint: 42-d Juvenile Survival 
C-R Curve Label: Am-Chronic-4 
Test: Chronic bioassays 2 and 3 combined 
TAN, mg/L % Survival 
0.08 73.3 
0.1 78.4 
1.48 86.8 
1.59 92.2 
3.03 90 
3.33 81.5 
5.07 78.4 
5.51 73.2 
8.88 33.4 
9.51 28.3 
16.6 7.8 
18.04 0 


EC20:EC5 = 1.308 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.9 0.91709 0.019772 0.87236 0.96182
S 2.5 2.7149 0.48295 1.6224 3.8074
Y0 83.7 83.948 2.3969 78.526 89.371


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 8.2621 7.4536 9.1584 0.019772 0.91709
20 6.0493 5.0777 7.207 0.033617 0.78171
10 5.1698 4.1139 6.4967 0.04386 0.71348


5 4.6262 3.589 5.9633 0.048739 0.66523
0 3.5379 2.6158 4.7851 0.057972 0.54875







 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Besser 2011 
Species: Fluminicola sp.(juvenile) 
Test Endpoint: Change in shell length (0 – 28 
days) 
C-R Curve Label: Am-Chronic-6 
Test: Single 


TAN, mg/L 
Change in shell 
length (mm) 


0.12 0.5497 
0.57 0.4848 
0.97 0.5939 
2.06 0.4604 
3.67 0.2513 


EC20:EC5 = 1.455 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.5496 0.54522 5.32E-02 0.31615 0.77429
StDev 1.7434 1.9407 0.87827 -1.8381 5.7196
Y0 0.5428 0.5428 3.17E-02 0.40648 0.67912


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 3.5093 2.0708 5.9469 5.32E-02 0.54522
20 2.269 0.9376 5.491 8.92E-02 0.35583
10 1.8213 0.5148 6.4436 0.12754 0.26038


5 1.5592 0.32367 7.5106 0.15869 0.19289
0 1.0714 7.28E-02 15.773 0.27145 2.99E-02







 


 


 


 


 


 


 


 


 


 


Notes: Large SE for steepness. Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.6135 1.7888 1.97E-02 1.7041 1.8734
S 1.6228 3.9354 2.1429 -5.2846 13.155
Y0 25.65 25 0.92916 21.002 28.998


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 61.484 50.591 74.722 1.97E-02 1.7888
20 49.587 5.7696 426.17 0.21713 1.6954
10 44.494 16.096 122.99 0.10263 1.6483


5 41.211 21.243 79.947 6.69E-02 1.615
0 34.25 20.598 56.95 5.13E-02 1.5347


Mount 1982 
Species: Ceriodaphnia acanthina 
Test Endpoint: 7-d LC Reproduction 
C-R Curve Label: Am-Chronic-7 
Test: Single 
TAN, mg/L Avg. young/female 
0.1 24.5 
7.9 26.8 
22.75 23.7 
59 14.2 
102.5 0.2 


EC20:EC5 = 1.203 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 -0.1 -0.0621 0.039824 -0.15955 0.035343
S 1.9 1.7858 0.41651 0.76665 2.805
Y0 12.8 12.544 0.80344 10.578 14.51


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 0.86676 0.69255 1.0848 0.039824 -0.0621
20 0.53961 0.36358 0.80087 0.07008 -0.26792
10 0.42497 0.24782 0.72873 0.095718 -0.37165


5 0.35893 0.18299 0.70401 0.11957 -0.44499
0 0.23874 0.066831 0.85285 0.22598 -0.62207


Nimmo et al. 1989 
Species: Ceriodaphnia dubia 
Test Endpoint: 7-d LC Reproduction 
C-R Curve Label: Am-Chronic-8 
Test: Single 


NH3-N (mg/L) 
Avg. # 
neonates/female 


Not detectable (0.01) 13.3 
0.19 11.3 
0.31 13.8 
0.44 10.1 
0.53 9.2 
0.68 9.4 
0.88 6.0 
1.16 4.7 
1.43 1.3 


EC20:EC5 = 1.503 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1 0.92895 0.064925 0.76206 1.0958
S 2 2.1425 0.77699 0.14523 4.1399
Y0 23.052 23.052 1.2145 19.93 26.174


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 8.4909 5.7818 12.469 0.064925 0.92895
20 5.7202 3.3223 9.8486 0.091795 0.75741
10 4.6876 2.3059 9.5291 0.11986 0.67095


5 4.0721 1.6429 10.093 0.15335 0.60981
0 2.8988 2.6871 0.46222


Willingham 1987 
Species: Ceriodaphnia dubia 
Test Endpoint: 7-d LC Reproduction 
C-R Curve Label: Am-Chronic-9 
Test: Single 


TAN, mg/L 
Young/original test 
animal (Brood 3) 


0.02 21.8 
0.21 27.6 
0.60 19.52 
1.29 22.14 
2.79 24.2 
5.83 18.18 
13.0 4.2 
43.2 0 


EC20:EC5 = 1.405 
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Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.12 0.16559 0.049825 0.007022 0.32415
S 1.5 1.4637 0.30171 0.50356 2.4239
Y0 67.15 66.052 3.1285 56.095 76.008


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.4642 1.0163 2.1094 0.049825 0.16559
20 0.82127 0.44661 1.5102 0.083131 -0.08551
10 0.61367 0.2701 1.3943 0.11199 -0.21207


5 0.4994 0.1777 1.4035 0.14101 -0.30155
0 0.30367 0.062573 1.4737 0.21556 -0.5176


Gersich et al. 1985 
Species: Daphnia magna 
Test Endpoint: 21-d LC Reproduction 
C-R Curve Label: Am-Chronic-10 
Test: Single 
NH3-N (mg/L) Total young/adult 
0.01 66.7 
0.22 67.6 
0.42 62.7 
0.87 49.3 
1.88 28.3 
3.65 0 


EC20:EC5 = 1.645 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.4334 1.4334 4.81E-02 1.2804 1.5864
S 2.7439 3.2216 1.3792 -1.1675 7.6108
Y0 24.5 24.5 1.6161 19.357 29.643


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 27.126 1.91E+01 38.585 4.81E-02 1.4334
20 20.86 12.271 35.459 7.24E-02 1.3193
10 18.273 9.2616 36.052 9.27E-02 1.2618


5 16.64 7.381 37.513 1.11E-01 1.2212
0 13.274 1.883 93.571 2.67E-01 1.123


Reinbold and Pescitelli 1982a 
Species: Daphnia magna 
Test Endpoint: 21-d LC Reproduction 
C-R Curve Label: Am-Chronic-11 
Test: Single 


TAN, mg/L 
Mean # young 
produced/adult 


Control (0.1) 24.6 
3.99 21.7 
6.85 22.7 
11.75 29 
19.66 20.8 
33.07 6.4 


EC20:EC5 = 1.254 
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Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.7 0.66659 0.024428 0.61451 0.71867
StDev 0.1 0.09446 0.035541 0.066001 0.16577
Y0 0.975 0.97461 0.017985 0.90987 0.99705


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 4.6407 4.1163 5.232 0.024428 0.66659
20 3.8154 3.22 4.521 0.032739 0.58155
10 3.4569 2.6783 4.4617 0.045824 0.53868


5 3.2239 2.2989 4.521 0.056517 0.50838
0 2.724 1.4051 5.2808 0.085269 0.43521


Thurston et al. 1984b 
Species: Pteronarcella badia 
Test Endpoint: 30-d Juvenile Survival 
C-R Curve Label: Am-Chronic-13 
Test: 293 
Mean NH3, mg/L Proportion Surviving 
0.01 1.0 
1.54 1.0 
2.03 1.0 
2.76 1.0 
3.7 0.8 
4.9 0.4 


EC20:EC5 = 1.183 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Koch et al. 1980 
Species: Oncorhynchus clarkii henshawi 
(fertilized eggs) 
Test Endpoint: 103-d ELS Survival 
C-R Curve Label: Am-Chronic-15 
Test: Single 
TAN, mg/L % Survival 
0.11 60.3 
0.11 82.1 
0.22 60.8 
0.11 79.6 
0.11 No data 
0.11 70.7 
1.09 64.8 
1.09 Excluded 
18.5 47.8 
18.29 67.6 
102.16 20 
82.67 0 


EC20:EC5 = 1.784 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.5 1.5782 0.12521 1.2821 1.8743
S 1.3 1.2579 0.44137 0.21424 2.3016
Y0 70 69.817 4.7023 58.698 80.936


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 37.86 19.147 74.86 0.12521 1.5782
20 19.319 7.9019 47.234 0.1642 1.286
10 13.764 4.4551 42.521 0.20717 1.1387


5 10.829 2.5134 46.659 0.26826 1.0346
0 6.0703 0.12263 300.48 0.71665 0.78321







 


 


 


 


 


 


 


 


 


 


 


Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1 1.0687 0.066497 0.85704 1.2803
S 3 3.1884 1.2138 -0.67441 7.0513
Y0 3.52 3.5125 0.21324 2.8339 4.1911


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 11.713 7.1951 19.067 0.066497 1.0687
20 8.9823 4.6437 17.374 0.090031 0.95339
10 7.8576 3.6162 17.074 0.10591 0.89529


5 7.1484 2.9902 17.089 0.11894 0.85421
0 5.6889 1.2172 26.588 0.21042 0.75503


Brinkman et al. 2009 


Species: Oncorhynchus mykiss 
Test Endpoint: 90-d ELS Biomass 
C-R Curve Label: Am-Chronic-16 
Test: Single 
TAN, mg/L Final Biomass (g) 
<0.02 3.97 
0.81 2.95 
1.74 3.65 
3.34 3.48 
7.44 3.27 
16.8 0.44 


EC20:EC5 = 1.257 


L og TA N  (mg/L )


Bi
om


as
s 


(m
g)


-2.0 -1.5 -1.0 -.5 0 .5 1.0 1.5
0


.5


1.0


1.5


2.0


2.5


3.0


3.5


4.0


4.5







 


 


 


 


 


 


 


 


 


 


 


Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.3 1.3247 0.016683 1.2716 1.3778
S 2.3 2.3847 0.24967 1.5901 3.1793
Y0 5.48 5.2467 0.10081 4.9258 5.5675


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 21.122 18.691 23.868 0.016683 1.3247
20 14.812 12.411 17.677 0.024132 1.1706
10 12.386 9.8355 15.597 0.031462 1.0929


5 10.914 8.1548 14.607 0.039775 1.038
0 8.0424 0.68577 94.317 0.33597 0.90538


Harrahy et al. 2004 
Species: Esox lucius (fertilized eggs) 
Test Endpoint: 52-d ELS Biomass 
C-R Curve Label: Am-Chronic-17 
Test: Single 
TAN, mg/L Mean Biomass(mg) 
0.05 5.48 
3.83 5.2 
7.71 5.06 
15.1 4.13 
30.38 1.02 
62.67 0 


EC20:EC5 = 1.357 
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Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 -0.37886 -0.36113 0.027151 -0.44754 -0.27473
S 1.6758 1.8925 0.30589 0.91904 2.866
Y0 0.295 0.2916 0.012014 0.25337 0.32984


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 0.43538 0.35683 0.53122 0.027151 -0.36113
20 0.27839 0.19724 0.39294 0.047029 -0.55534
10 0.22222 0.14014 0.35236 0.062911 -0.65322


5 0.18948 0.10727 0.3347 0.077642 -0.72244
0 0.12896 0.042073 0.39531 0.15286 -0.88953


Mallet and Sims 1994 
Species: Cyprinus carpio 
Test Endpoint: 28-d ELS Weight 
C-R Curve Label: Am-Chronic-18 
Test: Single 
Un-ionized ammonia 
NH3-N (mg/L) Weight (g) 
0.01 0.30 
0.11 0.29 
0.23 0.24 
0.35 0.21 
0.55 0.1 
0.66 0.05 


EC20:EC5 = 1.469 
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Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 -0.5 -0.44216 0.016496 -0.48796 -0.39636
S 2 2.234 0.2626 1.5049 2.9631
Y0 75 70.934 1.9575 65.499 76.368


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 0.36127 0.32512 0.40145 0.016496 -0.44216
20 0.24735 0.20628 0.2966 0.028403 -0.60669
10 0.20436 0.16035 0.26044 0.037931 -0.68961


5 0.17855 0.13573 0.23488 0.04289 -0.74824
0 0.12888 0.093959 0.17679 0.049439 -0.8898


Mayes et al. 1986 
Species: Pimephales promelas (embryo-
larvae) 
Test Endpoint: 28-d ELS Survival 
C-R Curve Label: Am-Chronic-19 
Test: Single 
NH3-N (mg/L) % Survival 
Control (0.01) 75 
0.1 68.1 
0.17 65.9 
0.26 56.3 
0.37 33.5 
0.59 9.2 
0.93 0.9 


EC20:EC5 = 1.385 
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Notes: Large SE for steepness (S). Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1 1.013 0.065131 0.80573 1.2203
S 2.5 2.5524 0.91461 -0.35825 5.4631
Y0 25.704 23.732 1.3058 19.576 27.887


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 10.304 6.3934 16.607 0.065131 1.013
20 7.3962 3.6679 14.914 0.095711 0.86901
10 6.258 2.6705 14.665 0.11622 0.79644


5 5.5606 2.1068 14.676 0.13244 0.74512
0 4.1805 0.11568 151.07 0.48955 0.62123


Adelman et al. 2009 
Species: Pimephales promelas (embryo-
larvae) 
Test Endpoint: 32-d ELS Biomass 
C-R Curve Label: Am-Chronic-20 
Test: Single 
TAN, mg/L Biomass(mg) 
0.13 25.704 
0.65 25.704 
1.3 23.325 
2.85 20.194 
5.91 21.984 
14.49 4.592 


EC20:EC5 = 1.330 
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Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 -0.4 -0.35593 0.063673 -0.55857 -0.1533
S 1.15 1.1525 0.28868 0.23381 2.0712
Y0 46.895 44.322 2.7949 35.428 53.217


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 0.44062 0.27633 0.70259 0.063673 -0.35593
20 0.21143 0.089742 0.49811 0.11694 -0.67484
10 0.14603 0.040764 0.52311 0.17413 -0.83557


5 0.1124 0.02008 0.6292 0.23504 -0.94922
0 0.059759 0.0055898 0.63886 0.32334 -1.2236


Swigert and Spacie 1983 
Species: Pimephales promelas 
Test Endpoint: 30-d ELS Biomass 
C-R Curve Label: Am-Chronic-21 
Test: Single 
Mean NH3-N (mg/L) Biomass(mg) 
Control (0.01) 46.895 
0.08 42.585 
0.12 39.77 
0.28 29.82 
0.46 24.552 
1.45 0 


EC20:EC5 = 1.881 
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Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 -0.6 -0.65142 0.068628 -0.8137 -0.48914
S 2 1.3263 0.39632 0.38917 2.2635
Y0 52 48.262 3.7719 39.343 57.181


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 0.22314 0.15357 0.32423 0.068628 -0.65142
20 0.11789 0.060843 0.22841 0.12148 -0.92854
10 0.085467 0.03467 0.21069 0.16571 -1.0682


5 0.068083 0.022176 0.20902 0.20602 -1.167
0 0.03932 0.005894 0.26231 0.34855 -1.4054


Thurston et al. 1986 
Species: Pimephales promelas 
Test Endpoint: LC Reproduction 
C-R Curve Label: Am-Chronic-22 
Test: Single 
NH3 (mg/L) % eggs hatched 
0 48 
0.001 51 
0.056 42 
0.060 46 
0.087 38 
0.092 53 
0.188 32 
0.189 23 
0.369 8 
0.370 17 


EC20:EC5 = 1.732 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Reinbold and Pescitelli 1982a 
Species: Catostomus commersonii 
Test Endpoint: 30-d Biomass 
C-R Curve Label: Am-Chronic-23 
Test: Single 
TAN, mg/L Biomass (mg) 
Control (0.1) 5.655 
Control (0.1) 8.2925 
0.39 8.415 
0.29 9.6125 
0.53 7.5488 
0.50 6.8338 
0.97 8.1732 
0.85 6.7496 
1.5 4.86 
1.48 6.05 
2.88 4.2945 
2.88 1.6906 


EC20:EC5 = 1.656 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.36 0.3672 0.080105 0.18599 0.54841
S 2 1.444 0.6006 0.085326 2.8026
Y0 7.7581 7.7683 0.55466 6.5136 9.023


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 2.3292 1.5346 3.5352 0.080105 0.3672
20 1.2962 0.67956 2.4723 0.12397 0.11266
10 0.96467 0.3944 2.3595 0.17171 -0.01562


5 0.78283 0.25625 2.3915 0.2144 -0.10633
0 0.47279 0.059615 3.7496 0.39755 -0.32533







 


 


 


 


 


 


 


 


 


 


 


 


Notes: Acceptable model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.40961 0.40958 1.88E-02 0.34972 0.46945
S 1.039 2.6011 0.25408 1.7925 3.4097
Y0 26.2 26.2 0.78026 23.717 28.683


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 2.5679 2.24E+00 2.9475 1.88E-02 0.40958
20 1.8547 1.524 2.2572 2.68E-02 0.26828
10 1.5742 1.2417 1.9957 3.24E-02 0.19706


5 1.4019 1.0655 1.8444 3.74E-02 0.1467
0 1.0596 3.93E-02 28.563 4.50E-01 2.51E-02


Smith et al. 1984 
Species: Lepomis macrochirus 
Test Endpoint: 30-d ELS Biomass 
C-R Curve Label: Am-Chronic-27 
Test: Single 
TAN, mg/L Biomass (mg) 
0.1 26.2 
1.64 23.01 
3.75 4.29 
8.27 1.35 
18.18 0.0625 
37.38 0 


EC20:EC5 = 1.323 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.1 1.1297 4.09E-02 1.0162 1.2432
S 1.7 1.7867 0.49131 0.4226 3.1508
Y0 117.93 116.51 4.9015 102.9 130.12


p Xp 95% LCL 95% UCL Log Xp SE Log Xp


50 13.481 10.38 17.508 4.09E-02 1.1297
20 8.3946 5.4119 13.021 6.87E-02 0.924
10 6.6118 3.5582 12.286 9.69E-02 0.82032


5 5.5848 2.5468 12.247 0.12283 0.74701
0 3.7155 0.90484 15.257 0.22095 0.57002


Broderius et al. 1985 
Species: Micropterus dolomieu 
Test Endpoint: 32-d ELS Biomass 
C-R Curve Label: Am-Chronic-30 
Test: pH 7.83 
TAN, mg/L Biomass (mg) 
0.05 118 
1.88 118 
2.37 108 
3.75 125 
6.92 94 
11.7 81 
18.3 27 


EC20:EC5 = 1.503 
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Notes: Acceptable model fit. Acceptable noise at low level effects. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 0.4 0.36892 2.75E-02 0.29265 0.44519
S 2.5 2.2667 0.38425 1.1998 3.3335
Y0 132.63 122.94 4.1069 111.53 134.34


p Xp 95% LCL 95% UCL Log Xp SE Log Xp


50 2.3384 1.9618 2.7874 2.75E-02 0.36892
20 1.6098 1.2216 2.1214 4.32E-02 0.20677
10 1.3337 0.91474 1.9445 5.90E-02 0.12505


5 1.1675 0.72729 1.8742 7.40E-02 6.73E-02
0 0.84674 0.48918 1.4656 8.58E-02 -7.23E-02


Broderius et al. 1985 
Species: Micropterus dolomieu 
Test Endpoint: 32-d ELS Biomass 
C-R Curve Label: Am-Chronic-31 
Test: pH 8.68 
TAN, mg/L Biomass (mg) 
0.05 133 
0.347 124 
0.682 113 
1.07 118 
1.82 88 
3.16 33 
4.96 0 


EC20:EC5 = 1.379 
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Appendix F.4 


Test Information, C-R Data and Resulting TRAP models for Chronic Ammonia Toxicity Tests 
Considered Unacceptable for TAF and MAF Calculation 


 







 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Notes: Poor model fit. 


  


Wang et al. 2007a 
Species: Lampsilis fasciola (2 month old juveniles) 
Test Endpoint: 28-d Juvenile Survival 
C-R Curve Label: Am-Chronic-1 
Test: Single 
TAN, mg/L % Survival 
0.04 100 
0.13 83 
0.34 77 
0.44 73 
1.02 30 
1.98 0 
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EC20:EC5 = 1.590 


Initial Final SE 95%LCL 95%UCL
LogX50 -0.15214 -0.13544 0.057599 -0.31875 0.047864
S 0.86383 1.5709 0.34755 0.46482 2.6769
Y0 100 90.838 5.5688 73.116 108.56


p Xp 95%LCL 95%UCL logXp SE log Xp
50 0.73208 0.48001 1.1165 0.057599 -0.13544
20 0.42715 0.23211 0.78608 0.083233 -0.36942
10 0.32558 0.14709 0.72067 0.10843 -0.48734


5 0.26871 0.10041 0.71904 0.13432 -0.57072
0 0.16903 0.046296 0.61715 0.17673 -0.77203







 


 


 


 


 


 


 


 


 


 


Notes: Large SE for steepness (S) and X50. Poor model fit. 


  


Initial Final SE 95%LCL 95%UCL
LogX50 0.05828 0.046167 8.5591 -27.193 27.285
S 3.288 3.8559 324.56 -1029 1036.7
Y0 91.43 92 3.3417 81.365 102.63


p Xp 95%LCL 95%UCL logXp SE log Xp
50 1.1122 8.5591 0.0462
20 0.8930 0.7010 1.1376 0.0330 -0.0492
10 0.7995 0.6017 1.0622 0.0388 -0.0972


5 0.7393 0.5410 1.0103 0.0426 -0.1312
0 0.6121 0.4226 0.8865 0.0506 -0.2132


 


Wang et al. 2007a 
Species: Lampsilis siliquoidea (2 month old juveniles) 
Test Endpoint: 28-d Juvenile Survival 
C-R Curve Label: Am-Chronic-2 
Test: with substrate test 
TAN, mg/L % Survival 
0.06 95 
0.16 96 
0.26 95 
0.49 82 
0.88 75 
2.02 0 


EC20:EC5 = 1.208 
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Notes: TRAP flagged for IP (No Unique Solution). 


  


Initial Final SE 95%LCL 95%UCL
LogX50 0.125 0.11467 6.45E-03 9.41E-02 1.35E-01
S 4.5 4.1606 2.28E-01 3.4364 4.8848
Y0 98.667 99 0.57735 97.163 100.84


p Xp 95%LCL 95%UCL logXp SE log Xp
50 1.3022 1.2421 1.3652 0.0065 0.1147
20 1.0625 0.9814 1.1503 0.0108 0.0263
10 0.9590 0.8709 1.0560 0.0132 -0.0182


5 0.8919 0.8002 0.9942 0.0148 -0.0497
0 0.7487 0.6474 0.8659 0.0198 -0.1257


Wang et al. 2007a 
Species: Villosa iris (2 month old juveniles) 
Test Endpoint: 28-d Juvenile Survival 
C-R Curve Label: Am-Chronic-3 
Test: Single 
TAN, mg/L % Survival 
0.08 100 
0.4 98 
0.81 98 
1.67 15 
3.45 0 
7.56 0 


EC20:EC5 = 1.191 
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Notes: Poor model fit due to no pre-threshold value.   


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 -1 -1.1218 0.068782 -1.3128 -0.93084
S 1 0.86019 0.19851 0.30904 1.4113
Y0 92 92


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 0.075543 0.048666 0.11726 0.068782 -1.1218
20 0.028243 0.012899 0.06184 0.12259 -1.5491
10 0.017201 0.005259 0.056267 0.18538 -1.7644


5 0.012114 0.002566 0.057193 0.24278 -1.9167
0 0.005196 0.000726 0.037184 0.30784 -2.2843


Sparks and Sandusky 1981 
Species: Musculium transversum 
Test Endpoint: 42-d Juvenile Survival 
C-R Curve Label: Am-Chronic-5 
Test: Single 
NH3-N (mg/L) % Survival 
0.01 92 
0.03 80 
0.06 53 
0.08 36 
0.19 17.9 
0.52 17.5 


EC20:EC5 = 2.331 
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Notes: No effect within area of concern. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.1 1.0845
S 2.2 2.1593
Y0 2.22 2.1944


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 12.148 3.6157 40.817 0.041423 1.0845
20 8.2092 1.0397 64.819 0.070627 0.9143
10 6.7377 0.38723 117.23 0.097632 0.82851


5 5.8594 0.14879 230.74 0.12555 0.76785
0 4.1822 0.032161 543.84 0.16638 0.6214


Borgmann 1994 
Species: Hyalella azteca 
Test Endpoint: 28-d Biomass 
C-R Curve Label: Am-Chronic-12 
Test: Single 
TAN, mg/L Avg. Biomass (mg) 
0.616 2.21884 
8.4 1.6543 
14 0.93 
23.66 0.034 


EC20:EC5 = 1.401 
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Notes: Poor model fit and no effect within area of concern. 


  


Thurston et al. 1984b 
Species: Pteronarcella badia 
Test Endpoint: 24-d Survival 
C-R Curve Label: Am-Chronic-14 
Test: 501 
Unionized ammonia 
(NH3) (mg/L) Proportion Surviving 
0.01 0.95 
0.385 0.55 
0.791 0.90 
1.7 0.45 
3.38 0.10 
6.89 0.15 


EC20:EC5 = 2.893 
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0 Initial Final S.E. 95% LCL 95% UCL
Log X50 0.1 0.13766 0.11117 -0.08981 0.36514
StDev 0.4 0.59554 0.14071 0.41612 1.0451
Y0 0.95 0.93685 0.054061 0.73428 0.99682


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 1.373 0.81319 2.3181 0.11117 0.13766
20 0.39948 0.15171 1.0519 0.19504 -0.3985
10 0.21442 0.055545 0.82776 0.25386 -0.66873


5 0.1381 0.025132 0.75886 0.2987 -0.85981
0 0.04774 0.002253 1.0116 0.41563 -1.3211







 


 


 


 


 


 


 


 


 


 


 


 


Notes: Poor model fit. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 -0.4 -0.33039 0.033735 -0.43775 -0.22303
S 3 3.8789 1.1326 0.27439 7.4835
Y0 253.3 243.35 11.016 208.3 278.41


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 0.46732 0.36497 0.59838 0.033735 -0.33039
20 0.37572 0.28175 0.50102 0.039276 -0.42514
10 0.33659 0.22356 0.50678 0.055843 -0.4729


5 0.31141 0.11389 0.8515 0.13727 -0.50666
0 0.25811 0.12768 0.52181 0.096059 -0.58819


Swigert and Spacie 1983 
Species: Ictalurus punctatus 
Test Endpoint: 30-d Biomass 
C-R Curve Label: Am-Chronic-24 
Test: Single 
Mean NH3-N (mg/L) Biomass(mg) 
Control (0.01) 264.11 
0.06 240.8 
0.11 254.91 
0.2 213.6 
0.38 191.7 
0.68 16.49 


EC20:EC5 = 1.207 
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Notes: Large SE for steepness (S). Unacceptable noise at low level effects. 


  


McCormick et al. 1984 
Species: Lepomis cyanellus 
Test Endpoint: 30-d Biomass 
C-R Curve Label: Am-Chronic-25 
Test: Single 
NH3 (mg/L) Biomass(g) 
0.01 2.75 
0.01 0.75 
0.05 2.8 
0.05 2.3 
0.12 3.6 
0.12 3.3 
0.25 2 
0.25 1.8 
0.48 1.9 
0.48 0.5 
0.91 0 
0.91 0 


EC20:EC5 = 1.496 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 -0.4 -0.37993 0.12544 -0.66369 -0.096171
S 2 1.807 1.2492 -1.0189 4.6329
Y0 2.58 2.5508 0.34506 1.7702 3.3314


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 0.41693 0.21692 0.80136 0.12544 -0.37993
20 0.26102 0.0858 0.79404 0.21359 -0.58333
10 0.20614 0.043865 0.96869 0.29708 -0.68585


5 0.17445 0.023988 1.2686 0.3809 -0.75833
0 0.11659 0.0076075 1.7868 0.52402 -0.93334







 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Notes: Notes: TRAP flagged for IP (No Unique Solution). 


  


Reinbold and Pescitelli 1982a 
Species: Lepomis cyanellus 
Test Endpoint: 30-d Larval Survival 
C-R Curve Label: Am-Chronic-26 
Test: Single 
TAN, mg/L % Survival 
Control (0.1) 73 
Control (0.1) 73.5 
1.3 78 
1.3 87.2 
2 96 
2.2 78 
3.4 77 
3.4 84.2 
6.3 57.5 
6.3 44 
9.7 0 
9.4 0 


EC20:EC5 = 1.118 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 0.8 0.8203 1.7533 -3.146 4.7866
S 5 6.5367 546.87 -1230.6 1243.6
Y0 82.1 80.863 2.6846 74.79 86.935


p Xp 95% LCL 95% UCL Log Xp SE Log Xp
50 6.6115 7.15E-04 61176 1.7533 0.8203
20 5.8086 4.9091 6.8729 3.23E-02 0.76407
10 5.4417 4.6496 6.3686 3.02E-02 0.73573


5 5.1963 4.4625 6.0507 2.92E-02 0.71569
0 4.6485 3.9988 5.4038 2.89E-02 0.66732







 


 


 


 


 


 


 


 


 


 


 


Notes: No effect within area of concern. 


  


Initial Final S.E. 95% LCL 95% UCL
Log X50 1.3 1.2958 3.26E-02 1.2053 1.3863
S 1 0.95465 8.17E-02 0.72771 1.1816
Y0 166.83 167.71 5.8153 151.56 183.85


p Xp 95% LCL 95% UCL Log Xp SE Log Xp


50 19.761 16.044 24.339 3.26E-02 1.2958
20 8.1432 5.6472 11.742 5.73E-02 0.91079
10 5.209 3.1384 8.6456 7.93E-02 0.71675


5 3.7979 1.9973 7.2218 0.10053 0.57954
0 1.7713 0.79684 3.9374 0.12495 0.24829


Broderius et al. 1985 
Species: Micropterus dolomieu 
Test Endpoint: 32-d ELS Biomass 
C-R Curve Label: Am-Chronic-28 
Test: pH 6.6 
TAN, mg/L Biomass (mg) 
0.05 167 
8.24 138 
13 107 
23.2 69 
38.1 52 
61 25 
117 0 


EC20:EC5 = 2.144 
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Notes: No effect within area of concern. 


Broderius et al. 1985 
Species: Micropterus dolomieu 
Test Endpoint: 32-d ELS Biomass 
C-R Curve Label: Am-Chronic-29 
Test: pH 7.25 
TAN, mg/L Biomass (mg) 
0.05 163.4934 
4.2 127.596 
6.58 138.2976 
11.2 96.9612 
18.4 102.48 
31.5 85.5 
51.5 46.371 


EC20:EC5 = 3.767 
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Initial Final S.E. 95% LCL 95% UCL
Log X50 1.5 1.4299 0.12276 1.089 1.7707
S 0.75 0.549 0.14909 0.13507 0.96293
Y0 163.49 161.51 13.368 124.4 198.63


p Xp 95% LCL 95% UCL Log Xp SE Log Xp


50 26.906 12.275 58.977 0.12276 1.4299
20 5.7593 1.2975 25.565 0.23313 0.76037
10 2.6482 0.32296 21.715 0.32913 0.42296


5 1.5289 0.10976 21.296 0.41202 0.18437
0 0.40584 4.86E-03 33.912 0.69225 -0.39164
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1.  INTRODUCTION 


The Clean Water Act (CWA) provides the statutory basis for the water quality standards 
program.  CWA Section 101(a) defines broad water quality goals, which include that, wherever 
attainable, waters achieve a level of quality that provides for the protection and propagation of 
fish, shellfish, and wildlife, and for recreation in and on the water 
("fishable/swimmable”). Section 101(a) also states the objective of the Act, which is to restore 
and maintain the chemical, physical, and biological integrity of the Nation’s waters.  


Under Section 303(c)(2)(A)1 of the CWA and its implementing regulations at 40 CFR § 131, 
states and authorized tribes have primary responsibility for developing and adopting water 
quality standards (WQS) to protect their waters. As required by CWA Section 303(c) and 40 
CFR § 131.21, the U.S. Environmental Protection Agency (EPA) reviews new and revised WQS 
that have been adopted by states and authorized tribes. New and revised state WQS are not 
considered the applicable standard for CWA purposes until approved by EPA under CWA 
Section 303(c)(3).2,3 


Section 7(a)(2) of the Endangered Species Act (ESA) requires EPA, in consultation with the U.S. 
Fish and Wildlife Service (FWS) and the National Marine Fisheries Service (NMFS; 
collectively, the Services), to ensure that any action authorized, funded, or carried out by the 
agency is not likely to jeopardize the continued existence of any endangered or threatened 
species or result in destruction or adverse modification of habitat of such species which is 
determined by the Secretary of the Interior, after consultation as appropriate with affected states, 
to be critical, unless such agency has been granted an exemption for such action. EPA approvals 
of new or revised WQS are considered federal actions, subject to the requirements of ESA 
Section 7(a)(2). As provided in the Memorandum of Agreement (USEPA 2002) between EPA 
and the Services regarding enhanced coordination of CWA and ESA actions, a biological 
evaluation (BE) is the appropriate analysis that is used to determine whether an adopted water 
quality standard revision is likely to adversely affect federally-listed species.  


The EPA approved new and revised Kansas WQS on May 7, 2018, and as such, are subject to 
the consultation requirement of Section 7(a)(2) of the Endangered Species Act (ESA). Under 
Section 7(a)(2) of the ESA, 16 U.S.C. §1536, the EPA has the obligation to ensure that its 
approval of these modifications to Kansas’ WQS regulation will not jeopardize the continued 
existence of threatened and endangered species and their critical habitat in Kansas. The EPA 
initiated consultation with the USFWS regarding the effects of the EPA approving a change to 
Kansas’ WQS for revised acute and chronic ammonia criteria and adoption of the ammonia 
MDV on September 26, 2017. 


The EPA’s approval of revisions to the Kansas criteria pending completion of consultation under 
Section 7(a)(2) is fully consistent with Section 7(d) of the ESA because it does not foreclose 
either the formulation by the USFWS or the implementation by the EPA of any alternatives that 


                                                 
1 Under Section 303(c)(2)(A) of the Clean Water Act (CWA), states are required to submit adopted revisions to water quality 
standards to U.S. EPA for review and approval.  
2 Clean Water Act Section 303(c)(3): If the Administrator…determines that such standard meets the requirements of this chapter, 
such standard shall thereafter be the water quality standards for the applicable waters of the state.     
3 Under 40 CFR 131.21(c), a state-adopted standard becomes the applicable standard for purposes of the CWA once approved by 
EPA (for WQS adopted after May 30, 2000). 
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might be determined in the consultation to be needed to comply with ESA Section 7(a)(2). 
Proceeding with a CWA section 303(c) approval action prior to the completion of the ESA 
Section 7 consultation provides a more protective condition for listed species and/or designated 
critical habitat during the interim period while the EPA is completing the ESA Section 7 
consultation requirements on the WQS approval. Under CWA Section 303(c)(4)(B), the EPA has 
authority to take additional action regarding the revision of water quality standards for Kansas if 
the consultation with the USFWS identifies deficiencies in the revised water quality standards 
requiring remedial action by the EPA, after the EPA has approved the revisions. Details of the 
new and revised Kansas WQS can be found below in Table 3-1 and section 6 of this BE. 
 


2. ESA CONSULTATION HISTORY REGARDING KANSAS’ REVISED 
AMMONIA CRITERIA AND MULTIPLE DISCHARGER VARIANCE FOR 
LAGOONS 


1. The EPA initiated informal consultation with the FWS on September 26, 2017, on the 
draft proposed 2017 Kansas WQS.  The draft Kansas WQS included the adoption of 
the EPA’s 2013 Ammonia criteria recommendations under section 304(a) of the 
CWA. The draft proposed WQS also included a multiple discharger variance from the 
EPA’s 2013 ammonia criteria for many small multi-celled facultative lagoon facilities 
in Kansas deemed to be eligible for the variance due to the high cost for lagoon 
upgrades to be in compliance with the 2013 ammonia criteria, and decreasing 
populations (tax base) for these towns; this is in accordance with 40 CFR 
131.10(g)(6). The FWS requested information as to which water bodies would be 
affected by the variance. The EPA provided to the FWS the weblink to the KDHE 
website for the entire draft 2017 KS WQS package and explained that the Kansas 
Variance Register contains a list of the facilities, and their respective receiving 
waters, to be covered by the variance.     


2. On October 5, 2017, the EPA sent the FWS its’ compiled list of Threatened and 
Endangered (T&E) species to ensure this matched the list of the FWS T&E species 
for the state of Kansas.   


3. On October 6, 2017, the FWS responded and stated that this list was accurate. 
However, the FWS suggested since this was a water quality action, the EPA should 
focus only on the Aquatic or Aquatic-Dependent species (for compounds that would 
be easily transported through a food-chain or bioaccumulate). Therefore, there was no 
need to include the American Burying Beetle, Black-footed Ferret, or the two plant 
species: Mead’s Milkweed and the Western Prairie Fringed Orchid.   


4. On October 20, 2017, the EPA called the FWS to discuss the consultation process and 
to see if they had reviewed the draft 2017 Kansas WQS package.  The FWS stated 
that they had reviewed the material, and, based on this information, there was no need 
for formal consultation. The EPA explained that the updated 2013 ammonia criteria 
was more stringent than the EPA’s 1999 ammonia criteria recommendations and 
includes toxicity data for sensitive species such as mussels and gill breathing snails. 
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The FWS stated that the previously approved Biological Evaluation4 was a good 
example to use for this Biological Evaluation. 


5. On December 14, 2017, the EPA conducted research on the T&E species for each of 
the facilities receiving water bodies in the Variance Register using the FWS 
Information for Planning & Consultation (IPAC) website. Based on the results, the 
EPA found three facilities (City of LeRoy, Chetopa, and Weir) discharge into 
receiving waters that overlap with designated critical habitat for the Neosho Mucket 
(Lampsilis rafinesqueana), a fresh water mussel and communicated that information to the 
FWS. 
 


6. The FWS followed up with an email (December 15, 2017) stating that the EPA was 
on the right path. The FWS stated that the EPA’s concern with the three specific sites 
(in the variance) being located within designated critical habitats should be evaluated 
during the NPDES permit renewal process. The EPA followed up with a call to FWS, 
stating that the facilities that are part of the variance are small facilities that cannot 
afford the upgrades and hence cannot meet the new ammonia criteria. The FWS then 
requested the discharge information for the three facilities.   


7. On January 3, 2018, the EPA provided supporting documentation including the 
locations for the facilities and the IPAC reports to the FWS via email. The EPA also 
sent the permit discharge information to the FWS obtained from the Enforcement and 
Compliance History Online (ECHO) Effluent Limit Exceedance Report. There were 
no exceedances of ammonia permit limits (limits calculated from the EPA’s 1999 
ammonia criteria as that was the relevant criteria prior to the EPA’s approval of the 
2013 ammonia criteria) for any of the three facilities that overlap with designated 
critical habitat for the Neosho Mucket. 
 


8. On January 26, 2018, the EPA followed up with the FWS regarding the requested 
material.  The FWS stated they did not need any additional information for these 
three facilities; however, there was some concern with how the state was going to 
monitor all the facilities in the variance. The EPA stated that the facilities, if they met 
the EPA’s variance regulations at 40 CFR 131.14 and substantial and widespread 
economic and social impacts demonstration at 131.10(g)(6), would be identified in 
the variance register, would be re-evaluated every five years as part of the permit 
renewal, and the facilities must also meet the Highest Attainable Condition (HAC) 
throughout the variance as stated in 131.14. In addition, EPA stated that, in 
accordance with 131.14 when there was a more stringent HAC, that this then 
becomes the new interim effluent condition/permit limit in the next permitting cycle 
(every five years from date of issuance). The EPA offered to provide the final WQS 
package once it was formally submitted to the EPA for approval.  The FWS stated 
that based on this information, they would likely recommend a “Not Likely to 
Adversely Affect” assessment.   


                                                 
4 Biological Evaluation: Environmental Protection Agency Action on Water Quality Standards adopted by the 
Kansas Department of Health and Environment dated July 10, 2015. 
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9. On March 8, 2018, the EPA sent the final formally submitted 2018 Kansas new and 
revised WQS to the FWS; this was sent to the FWS to ensure that they would 
understand the process for how the State was to review and reevaluate whether a 
facility under the multi-discharger variance was eligible and the requirements to 
continue the variance for the revised ammonia criteria were met.   


 


DESCRIPTION OF THE PROPOSED ACTION 


3.a. Background 


K.A.R. 28-16-28b through 28-16-28g comprise what is referred to as the Kansas Surface Water 
Quality Standards. In accordance with CWA Section 303, states must review and revise their 
WQS once every three years, which is referred to as the triennial review. In 2006, the Kansas 
Department of Health and Environment (KDHE) first alerted the EPA that the agency’s 
upcoming updated ammonia criteria would be difficult for facultative lagoons to meet.  As a 
result, in 2009, the EPA Region 7 convened a regional 4-state lagoon workshop with ammonia as 
the key topic.  In 2013 the KDHE gave Region 7 an outline of an ammonia variance for lagoons; 
the KDHE agreed to jointly pursue a multiple-discharge variance (MDV) as a pilot with Region 
7 and the EPA headquarters, and began the outlining process. 


In 2013, the USEPA revised the 1999 Ammonia Criteria for freshwater aquatic life based on the 
most current science and facts that provides additional protection to snails, mussels, and other 
aquatic life.  The revised criteria are about 55% more stringent.  The KDHE reviewed the revised 
guidance and determined that 95% of the effluent flow discharged from wastewater treatment 
plants (WWTP) in the state has capacity both technologically and fiscally to meet the criteria.  In 
aggregate, the wastewater treated by lagoon systems represents approximately 5% of the 
permitted effluent discharge from WWTPs in the state.  These wastewater treatment lagoon 
systems, commonly utilized in Kansas by small municipalities, may have trouble complying with 
the revised ammonia criteria – they can generally achieve very close to the criteria, but have 
challenges at certain times of the year. 
 
The KDHE Bureau of Water (BOW) completed negotiations with the EPA on language and 
methodology for the ammonia MDV in 2016.  The Kansas Surface Water Quality Standards 
were subsequently revised to adopt the national 2013 ammonia criteria and establish the 
ammonia MDV for municipal wastewater lagoon systems.  The ammonia MDV alleviates 
substantial economic and social impacts resulting from compliance with the new ammonia 
criteria for small Kansas municipalities that operate wastewater lagoon systems, while offering 
additional protection to aquatic life from the majority of effluent dischargers throughout the 
state.   
 
The KDHE developed revisions to Kansas’ WQS under Kansas’ code of State regulations for 
K.A.R. 28-16-28b, 28-16-28d, 28-16-28e, 28-16-28f, 28-16-58h, along with accompanying 
implementation procedures5, a Regulatory Impact Statement, variance register, and Kansas 
Surface Water Quality Standards: Tables of Numeric Criteria. KDHE made the final draft 


                                                 
5 http://www.kdheks.gov/tmdl/download/IMPLEMENTATION_WQS.pdf 
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revisions available for public review and comment from July 7, 2017 through October 3, 2017. 
The availability of the proposed revisions was announced in the Kansas Register (Volume 36, 
Number 27) on July 7, 2017. A public hearing was held at the Curtis State Office Building on 
October 3, 2017, consistent with federal public participation requirements of 40 CFR § 131.20.  


TABLE 3-1.  FINAL ACTIONS IN KANSAS 2017 TRIENNIAL REVIEW  
The revisions to the KS 
WQS include the following: 


Description Discretion to Consult 


Revision of K.A.R. 28-16-
28f(d) Variances 


This regulation has been 
expanded to address 40 CFR 
131.14.  Water Quality 
Standards variances, 
including adding a regulation 
for multiple-discharger 
variances. 


Administrative or non-
substantive in nature with 
regard to effects to threatened 
and endangered species 


Creation of Section 4, Water 
Quality Standards Variance, 
to the Kansas Implementation 
Procedures 


Eligibility and submission 
requirements to meet a 
variance. 


Administrative or non-
substantive in nature with 
regard to effects to threatened 
and endangered species 


Revision of K.A.R. 28-16-
28b Definitions 


Addition/removal of 
definition of terms  


Administrative or non-
substantive in nature with 
regard to effects to threatened 
and endangered species 


Revisions of K.A.R. 28-16-
28d(a)(1), 28-16-28d(c), 28-
16-28d(d)(1) and 28-16-
28d(d)(3) 


Non-substantive wording 
changes; update cross-
references and dates to the 
Surface Water Classification 
and Use Designation 


Administrative or non-
substantive in nature with 
regard to effects to threatened 
and endangered species 


Revision of K.A.R. 28-16-
28e(c)(1), 28-16-28e(c)(2), 
28-16-28e(d)(2)(D)(ii), and 
28-16-28e(e) 


Non-substantive wording 
changes; update cross-
references and dates to the 
Surface Water Quality 
Criteria 


Administrative or non-
substantive in nature with 
regard to effects to threatened 
and endangered species 


Revision of K.A.R.28-16-
28f(f) 


Non-substantive wording 
changes; update cross-
references and dates to the 
Administration of Surface 
Water Quality Standards 


Administrative or non-
substantive in nature with 
regard to effects to threatened 
and endangered species 


Creation of new regulation 
K.A.R. 28-16-28h, Kansas 
surface WQS variance 
register 


A multi-discharger variance 
for ammonia discharges from 
lagoons in small communities 


Seeking FWS concurrence on 
NLAA determination 


Adoption of the 2013 chronic 
and acute aquatic life 
ammonia criteria in the 
Kansas Surface Water 


Adoption of EPA’s national 
CWA 304(a) 2013 
recommendation for chronic 


Seeking FWS concurrence on 
NLAA determination 
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Quality: Standards Tables of 
Numeric Criteria 


and acute aquatic life criteria 
for ammonia in freshwaters 


Creation of the Kansas 
Surface Water Quality 
Variance Register 


List of Multiple-Discharger 
Wastewater Lagoon 
Ammonia Variance facilities 
(contains details on the 
ammonia MDV facilities) 


Seeking FWS concurrence on 
NLAA determination 


The new or revised WQS were adopted by KDHE on January 26, 2018; the Office of the State 
Attorney General certified the revised WQS on February 3, 2018. The final regulations were 
published in the February 8, 2018 Kansas Register. The WQS regulations became effective 
under state law on February 23, 2018. 


3.b. Description of the Federal Action  


This BE assesses potential effects to federally-listed threatened and endangered species and 
designated critical habitat that may result from the EPA’s approval of both (1) the KDHE’s 
adoption of EPA’s national CWA 304(a) 2013 numeric ammonia aquatic life criteria for 
freshwaters, and (2) the KDHE’s adoption of a multiple discharger variance for lagoons in small 
communities from the newly adopted ammonia criteria. These revisions were submitted to the 
EPA for review under CWA Section 303(c) on March 8, 2018. The EPA’s approval of these new 
and revised WQS makes them applicable for purposes of the CWA.6 In assessing potential 
effects to federally-listed threatened and endangered species and designated critical habitat, the 
EPA may determine: 


(1) No effect – the appropriate conclusion when an agency determines that its action will 
have no adverse effect on any listed species or any designated critical habitat. 


 
(2) Not likely to adversely affect – the appropriate conclusion when effects on listed 


species and designated critical habitats are expected to be discountable, insignificant, 
or completely beneficial. Discountable effects are those deemed extremely unlikely to 
occur. Insignificant effects cannot be meaningfully measured, detected, or evaluated 
and do not attain a scale where ‘take’ occurs (discussed below). Beneficial effects are 
contemporaneous positive effects without any adverse effects on the species or its 
critical habitat. 


 
(3) Likely to adversely affect – the appropriate conclusion if an adverse effect will occur 


as a direct or indirect result of the agency’s action (or its interrelated or 
interdependent actions) and the effect is not discountable or insignificant. If an action 
is expected to have some adverse effect on a listed species, it must be regarded as 
“likely to adversely affect” even if the overall effect on the species is beneficial. 


 


                                                 


6 Under 40 CFR 131.21(c), a state-adopted standard becomes the applicable standard for purposes of the CWA once approved by 
EPA (for WQS adopted after May 30, 2000).  
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If the EPA determines that its approval action may affect listed species or critical habitat but is 
not likely to adversely affect listed species or habitat, and the EPA obtains concurrence from the 
FWS on its “not likely to adversely affect” (NLAA) findings, then formal consultation with the 
FWS is not required. Pursuant to 50 CFR § 402.13, the EPA is requesting concurrence from the 
FWS on all effects determinations that conclude that the EPA’s action is “not likely to adversely 
affect” listed species and their critical habitats.  


3.b.i. Revised numeric aquatic life criteria for ammonia in freshwaters  


Background on ammonia 


Ammonia is considered one of the most important pollutants in the aquatic environment due to 
its toxicity, but also its ubiquity in surface water systems (Russo 1985). Environmental exposure 
to ammonia, while ultimately determined by various site-specific conditions and processes, 
occurs from human activities related to agricultural practices, urbanization and industrial 
processes, or from natural sources. Some anthropogenic stressors, such as industrial sources, are 
generally discharged directly into the aquatic ecosystem, while agricultural ammonia is 
discharged indirectly by the application of fertilizer to the soil for crops that is then washed into 
the aquatic ecosystem by rain. Natural sources are directly discharged into the aquatic ecosystem 
or are produced in the aquatic system by biota. Point and non-point sources contribute to 
elevated concentrations in ambient surface water. The environmental fate properties of ammonia 
indicate that direct discharge, runoff, groundwater transport, and atmospheric deposition 
represent the pathways of greatest transport to the ambient surface waters which serve as habitat 
for aquatic organisms.   


Kansas’ revised numeric aquatic life criteria for ammonia in freshwaters   


The KDHE has adopted new aquatic life criteria for ammonia to protect aquatic life from 
acute and chronic effects of ammonia in its designated life support use waters.  The 
aquatic life support designated use is defined as:“Aquatic life support use” means the use 
of classified surface waters other than classified stream segments for the maintenance of 
the ecological integrity of lakes, wetlands, and ponds, including the sustained growth and 
propagation of native aquatic life; naturalized, important, recreational aquatic life; and 
indigenous or migratory semiaquatic or terrestrial wildlife directly or indirectly 
dependent on classified surface waters other than classified stream segments for 
survival.” 


The Kansas aquatic life criteria for ammonia for the Aquatic life support use were revised and 
adopted to reflect the EPA’s CWA §304(a) criteria recommendations published in 2013.7 The 
EPA’s new criteria recommendations are based on additional information regarding the toxicity 
of ammonia to freshwater unionid mussels. Unionid mussels are much more sensitive to 
ammonia than the fish and invertebrates that were previously used to calculate the criteria. 
Freshwater unionid mussels are found statewide in Kansas; this is reflected in the Kansas 
adoption. pH and temperature tables associated with each of the acute and chronic criteria from 
the EPA’s 2013 Ammonia document were adopted in their entirety by Kansas as part of this 
adoption. 


                                                 
7 Aquatic Life Ambient Water Quality Criteria for Ammonia – Freshwater 2013, EPA 822-R-13-001. 
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Kansas’ approach of focusing on protection of unionid mussels is appropriate considering the 
presence of these mussels across the state. Unionid mussel sensitivity to ammonia decreases 
when temperatures decrease, so when water temperatures fall below [15 deg. C/59 deg. F] 
Salmonids in the genus Oncorhynchus become the most sensitive. Although the Kansas 
Department of Wildlife, Parks & Tourism stocks some state waters for recreational fishing, no 
self-sustaining populations of Oncorhynchus are present in the state, and the state manages its 
aquatic life protection for warm-water fish.  It is therefore appropriate for the state to use the 
Oncorhynchus species-absent ammonia criteria in pH- and Temperature-Dependent Values 
Aquatic Life Criteria for Total Ammonia Acute Criterion, and pH- and Temperature-Dependent 
Values Aquatic Life Criteria for Total Ammonia Chronic Criterion of the Kansas Surface Water 
Quality Standards.  These criteria will be protective of those sensitive species expected to be 
present in Kansas waters, specifically unionid mussels. 


3.b.ii. A multi-discharger variance from ammonia discharges for lagoons in small 
communities  


Background on water quality standards variances 


40 CFR § 131.14 provides a federal regulatory framework and requirements for adoption of 
WQS variances. A WQS variance is a time-limited designated use and water quality 
criterion applicable only for a specific pollutant(s) or water quality parameter(s) that reflects 
the highest attainable condition (HAC) during the term of the WQS variance. A WQS 
variance may be adopted for specific NPDES-permitted discharger(s) or 
waterbody/waterbody segment(s) 40 CFR § 131.14(a)(l). A WQS variance is a flexible 
mechanism of water quality protection that may be requested by an individual or group of 
dischargers who believe they cannot meet their current permit limit and are also uncertain 
whether the permit limit can ultimately be achieved. 


A variance may be appropriate where a state or authorized tribe determines that the 
designated use cannot be attained for a period of time because the state can demonstrate, 
consistent with 40 CFR § 131.14, that the discharger cannot immediately meet a Water 
Quality-Based Effluent Limitation (WQBEL) that derives from and complies with the 
applicable designated use and criteria for a specified period of time. 40 CFR §§ 13l.14(a), 
(b). The WQS variance establishes a time-limited interim requirement (e.g., interim 
designated use and criterion or a surrogate such as an interim effluent condition) that reflects 
the highest attainable condition (HAC) that can be attained during that time period. These 
new time-limited WQS then serve as the basis for pollution control requirements during the 
term of the variance. However, the underlying designated use and associated criterion are 
still in effect for 303(d) listings and TMDL development. See 40 CFR § 13l.14(a)(3). In 
addition, the variance only applies for the specific pollutants and dischargers/waterbodies 
identified in the WQS variance; all other requirements remain applicable to those 
waterbodies. See 40 CFR § 131.14(a)(2). Furthermore, a variance cannot result in any 
lowering of the currently-attained ambient water quality, except as necessary to carry out 
certain water restoration activities. See 40 CFR § 131.14(b)(1)(ii).  


If a state or authorized tribe believes that the designated use and criterion are unattainable as they 
apply to multiple permittees because they are all experiencing challenges in meeting their 
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WQBELs for the same pollutant(s) for the same reason, regardless of whether or not they are 
located on the same waterbody, a state or authorized tribe may streamline its WQS variance 
process. To do so, the state or authorized tribe could adopt one variance that applies to all of 
these permittees (i.e., a multiple discharger variance) so long as the variance is consistent with 
the CWA and implementing regulation at 40 CFR § 131.14.  


As specified in the preamble to EPA’s 2015 final rule, “…the final rule provides a 
mechanism to make incremental progress toward the ultimate water quality objective for the 
waterbody and toward the restoration and maintenance of the chemical, physical, and 
biological integrity of the Nation’s waters.” See 80 Fed. Reg. 51035 (Aug. 21, 2015). A 
WQS variance is an environmentally useful tool because a variance exists only for a defined 
term for a defined parameter where the state or authorized tribe has shown that the currently 
applicable WQS are not attainable consistent with EPA’s regulation. A variance can result in 
water quality improvements over time and, in some cases, full attainment of designated uses 
by protecting currently attained water quality while allowing time for dischargers to make 
water quality improvements in whatever ways that are achievable during the timeframe of 
the variance to meet the legally binding HAC. In addition, the variance allows time for 
advancement in treatment technologies, control practices, or other changes in the 
circumstances that caused the standards to be unattainable in the first instance, which could 
then later be implemented to meet the designated use and associated criterion.  


A variance may be granted if the state can demonstrate that controls more stringent than those 
required by sections 301(b) and 306 of the CWA would result in substantial and widespread 
economic and social impact. 40 CFR §§ 131.10(g)(6), 131.14(b)(2)(i)(A)(1). EPA’s Interim 
Economic Guidance describes a set of methods that states can use to determine whether the cost 
of installing the necessary pollutant controls to achieve a WQS would result in substantial and 
widespread economic impacts. 


Kansas' Multiple Discharger Variance for Ammonia as Applied to Individual Facilities 


Kansas completed an economic demonstration that concluded that a WQS variance from the 
revised ammonia criteria is needed because the cost8 to construct mechanical treatment plants to 
replace existing lagoons and reliably meet the ammonia criteria would result in substantial and 
widespread economic and social impacts. As a result of this conclusion, Kansas adopted a 
multiple-discharger variance that potentially applies to 48 lagoon facilities located in small 
communities throughout the State; after further review KDHE realized they had not completed 
the economic and social impacts for 26 facilities but anticipated completing them by the end of 
the calendar year. A complete list of the approved facilities is included in Appendix C of this BE; 
List of Approved Variances from the Kansas Surface Water Quality Standards Variance 
Register.  


In determining that a variance to ammonia for these 22 facilities was appropriate, Kansas 
evaluated several control alternatives, including retrofit options such as aerated lagoons and 
lagoon covers. Aerated lagoons have proven unsuccessful in Kansas in trials across the state – 
even those designed for operating depths deeper than the 5-foot depth for facultative lagoons. 
Because of cold weather operations leading to a pattern of not achieving current ammonia limits 


                                                 
8 http://www.kdheks.gov/tmdl/download/KS_MDV_Submission_Packet.pdf (Appendix D, Section Two) 



http://www.kdheks.gov/tmdl/download/KS_MDV_Submission_Packet.pdf
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year-round, Kansas has eliminated all but 3 municipal aerated lagoon systems in the state. Again, 
with shallow Kansas lagoons and extended cold periods in the winter, covers are considered 
expensive and an unproven technology.  There is no basis to conclude these aerated lagoon 
retrofits would comply with the more stringent 2013 recommended ammonia criteria when 
lagoons designed for aeration could not meet the less stringent 1999 ammonia criteria.   


Since Kansas determined there is no additional feasible pollutant control technology available 
that would not result in substantial and widespread economic and social impact cause beyond 
optimizing existing technology, Kansas adopted the following option for identifying the HAC on 
a discharger-by-discharger basis consistent with 40 CFR § 131.14(b)(1)(ii)(A): the greatest 
pollutant reduction achievable by the existing treatment technology (multi-cell facultative 
lagoon) being achieved through optimization, and implementation of required pollutant 
minimization programs (PMPs). The HAC will be included as the permit limitations in NPDES 
permits of the variance recipients. Compliance with the HAC will ensure no lowering of water 
quality throughout the 20-year term of the variance. 


Eligibility 
The Kansas Surface Water Quality Standards Variance Register was rule referenced in K.A.R. 
28-16-28h; 22 of the 48 municipal dischargers listed in Appendix C of this BE –List of 
Approved Variances from the Kansas Surface Water Quality Standards Variance Register, have 
been shown to be eligible to receive a water quality standard variance to the numeric ammonia 
criteria, as an alternative condition serving as the basis for operating limits within their NPDES 
wastewater permits. For the remaining 26 facilities, the EPA expects the KDHE to provide HAC 
calculations and the wide spread social and economic impact demonstrations before the end of 
2018. The requirements of the numeric ammonia criteria WQS variance are either the HAC 
identified at the time of the adoption of this variance or the HAC later identified during any 
reevaluation, whichever is more stringent.  The interim effluent condition is derived as the 99th 
percentile value or recent historical effluent discharge water quality data, whichever is lower.  
This reflects the greatest pollution reduction achievable with current pollution control 
technologies installed when the variance is adopted along with the adoption and implementation 
of the PMP for each discharger, thus the HAC.  The HAC serves as the interim effluent condition 
for ammonia that will be included as the permit limitations in NPDES permits of the variance 
recipients.  Compliance with the HAC will ensure no lowering of water quality throughout the 
20-year term of the variance.  Reevaluation and assessment of compliance and eligibility will 
occur for each discharger on a five-year cycle commensurate with the reissuance of their NPDES 
permit during the term of the variance.    
 
Under Kansas’ multi-discharger variance to ammonia discharges for lagoons, facilities that are 
requesting a WQS variance need to demonstrate that they have assessed and considered the 
following factors: 


• Technology-based controls are insufficient to meet WQBELs derived to meet the 
underlying designated use and criteria at issue in the variance, 


• Ensure there is no jeopardy to threatened or endangered species,  
• Ensure there is no unreasonable risk to human health, and  
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• Ensure the highest attainable condition applicable throughout the term of the variance 
does not result in any lowering of currently attained ambient water quality, consistent 
with 131.14(b)(1)(ii). 


Only small municipalities with lagoon wastewater treatment systems that have optimized their 
current operation are eligible for this variance.  


Requirements 
The requirements of the numeric ammonia criteria Water Quality Standards variance are either 
the HAC identified at the time of the adoption of this variance or the HAC later identified during 
any reevaluation, whichever is more stringent.   


Highest Attainable Condition  
Since there is no additional feasible pollutant control technology available beyond optimizing 
with the regulation: (1) the greatest pollutant reduction achievable by the existing treatment 
technology (multi-cell facultative lagoon) being achieved through optimization and (2) 
implementation of required Pollutant Minimization Plans.  The HAC will be included as the 
permit limitations in NPDES permits of the variance recipients.  Compliance with the HAC will 
ensure no lowering of water quality throughout the 20-year term of the variance. 


Required Implementation of HAC 
The requirements that apply throughout the term of the variance will be incorporated as 
enforceable conditions in the permits of those facilities subject to the multiple discharger 
variance. Those requirements are: 


• The permit limit will be set as the 99th percentile of historic values (last five years). 
• The permit will include a Pollutant Minimization Plan. 
• The permit will contain unaltered limits for other parameters not subject to the Multi-


discharger Variance (MDV). 
• The permit will carry standard conditions applicable to all permittees.   


This reflects the greatest pollution reduction achievable with current pollution control 
technologies installed when this variance is adopted along with the adoption and implementation 
of the PMP for each discharger, thus the HAC.    
 
Pollutant Minimization Plan 
Recipients of a variance to the numeric ammonia criteria will abide by a Pollutant Minimization 
Plan, issued by the state. The PMP will include requirements that the discharger will: 


1) retain a certified operator as required by regulations; 
2) provide reasonable and adequate maintenance of the existing wastewater treatment 


lagoon system; 
3) maintain operation and performance of the existing lagoon system to comply with 


secondary treatment limitations; 
4) does not allow industrial strength wastewater containing high concentrations of nitrogen 


to enter the existing lagoon system through the collection system or otherwise; 
5) monitor the depth of accumulated sludge in each lagoon cell; 
6) plan for expansion of the lagoon system should population and its associated pollutant 


loading approach the rated design capacity of the existing lagoon system. 
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Reevaluation 
Since the MDV exceeds five years in length, a reevaluation for each permittee subject to the 
MDV will occur at intervals not greater than five years starting from the date the MDV is placed 
in the permit of any permittee subject to the MDV. The variance to the ammonia criteria will no 
longer be the applicable water quality standard if: 


1) a reevaluation of the variance is not performed during a specified five-year review 
period; or  


2) the results of the reevaluation are not submitted to EPA within 30 days of completion. 


When such incidents occur, the current ammonia criteria listed in the “Kansas Surface Water 
Quality Standards: Tables of Numeric Criteria,” as adopted by K.A.R. 28-16-28e(e), will be the 
applicable water quality standard until the reevaluation is completed and submitted to EPA 
(KDHE, 2017). 


Public Participation 
Both the adoption of the MDV as a WQS and the issuance of individual permits issued subject to 
the MDV will follow the public notice and participation requirements. This will allow the public 
notice of the facilities applying for the MDV and the affected waters.   


Additional Information 
In a letter from KDHE to EPA dated April 10, 2018, KDHE stated that the Kansas Surface 
Water Quality Standards Variance Register contains 22 facilities (Table 4-1) that have been 
prescreened to determine their need for consideration of a variance to the proposed ammonia 
criteria.  These facilities currently have issues meeting their new limits based on the 2013 
ammonia criteria.  The subsequent economic assessment on those facilities, which definitively 
determines eligibility, was not completed and submitted with the initial submittal package (dated 
March 8, 2018).  KDHE completed the economic eligibility assessment on the first 22 facilities 
on the list, which covers the facilities that will have permits renewed between July 1, 2018 and 
April 1, 2019, and provided those to the EPA.  The remaining facilities (26) will be completed as 
they come up for permit renewal later in 2018, and will be submitted to the EPA for approval.   


3. ACTION AREA 


Kansas’ revised ammonia criteria will be applicable statewide to all “Waters of the State9”, 
defined as all fresh surface and subsurface waters occurring within the borders of the state or 
forming part of the border between Kansas and one of the adjoining states. Hence, the action area 
with respect to the revised ammonia criteria includes all surface waters throughout the state of 
Kansas. Additional consideration is also provided to underground (cavern) waters supporting 
federally-listed species and designated critical habitats.  


Regarding the multi-discharger variance for lagoons in Kansas, the action area analyzed in this 
BE is limited to the waters with federally-listed species or designated critical habitat that receive 
discharges from the lagoon facilities subject to the multi-discharger variance. Because the 48 


                                                 
9 Waters of the state are legally defined as “all streams and springs and all bodies of surface and subsurface water 
within the boundaries of the state” 
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lagoon facilities are located throughout the state, for the purposes of this evaluation, the action 
area for the multiple discharger variance is also assumed to span all “Waters of the State.”  
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TABLE 4-1.: MULTIPLE-DISCHARGER WASTEWATER LAGOON AMMONIA 
VARIANCE REGISTER DISCHARGER LIST10 


 
Discharger NPDES 


Permit 
Number 


Receiving Water Body 
(HUC8; Name Code) 


Pollutant/ 
Criterion 


Highest 
Attainable 
Interim 
Criteria – Unit 
mg/L (may be 
seasonal)11 


Altamont, City of KS0045918 Deer Creek via unnamed 
tributary (11070205; 27) 


Ammonia n*  


Americus, City of KS0047406 Allen Creek via 
Troublesome Creek via 
Pester Creek (11070201; 5) 


Ammonia n* 


Arma, City of  KS0045926 First Cow Creek via 
unnamed tributary 
(11070207; 27) 


Ammonia n* 


Bern, City of KS0047244 Unnamed stream (KS/NEB 
Line) via unnamed tributary 
(10240007; 212) 


Ammonia n* 


Chetopa, City of KS0031135 Neosho River via Town 
Creek (11070205; 28) 


Ammonia n* 


Dwight, City of KS0051675 Lairds Creek via unnamed 
tributary (11070201; 30) 


Ammonia n* 


Erie, City of  KS0045977 Neosho River via unnamed 
tributary (11070205; 15) 


Ammonia n* 


Girard, City of KS0022551 Lightning Creek via 
Thunderbolt Creek 
(11070205; 44) 


Ammonia n* 


Highland, City of KS0047457 Missouri River via Mission 
Creek (10240005; 339) 


Ammonia n* 


Marion, City of KS0051691 Cottonwood River 
(11070202; 3) 


Ammonia n* 


Oswego, City of KS0047554 Labette Creek via unnamed 
tributary (11070205; 21) 


Ammonia n* 


Seneca, City of KS0047538 South Fork Big Nemaha 
River (11070203; 16) 


Ammonia n* 


                                                 
10 Table 4-1 is from the May 7, 2018 EPA Action Letter (Table 1) on the February 23, 2018 KDHE Water Quality 
Standards package.   
11 The KDHE responses to the EPA comments dated February 14, 2018, stated that KDHE had inadvertently not 
changed the title of the column header, to the recommended “Highest Attainable Interim Effluent Limit (may be 
seasonal),” based on comments provided by EPA on October 2, 2017, as part of the public comment. The KDHE 
stated it will include the recommend column header in the online version of the Kansas Water Quality Standards 
Variance Register and will update in the next triennial review.   
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St. Paul, City of KS0084174 Neosho River via Flat Rock 
Creek via KDWP&T Neosho 
Wildlife Area Wetlands 
(11070207; LM053401) 


Ammonia n* 


Strong City, City of KS0031178 Cottonwood River via Fox 
Creek (11070203; 19) 


Ammonia n* 


Weir, City of KS0079146 11070207; 26 Ammonia n* 
Fairview, City of KS0098774 Walnut Creek via Spring 


Creek via unnamed tributary 
(10240008; 39) 


Ammonia n* 


Galena, City of KS0048135 Spring River via unnamed 
tributary (11070207; 3) 


Ammonia n* 


Tipton, City of KS0085219 South Fork Solomon River 
via Carr Creek via unnamed 
tributary (10260014; 21) 


Ammonia n* 


Burlingame, City of KS0024694 Dragoon Creek via Switzler 
Creek (10290101; 80) 


Ammonia n* 


Lane, City of KS0081515 Pottawatomie Creek via 
unnamed tributary 
(10290101; 51) 


Ammonia n* 


Mulberry, City of KS0087467 Cox Creek via unnamed 
tributary (10290104; 324) 


Ammonia n* 


Pomona, City of KS0029068 Marais des Cygnes River 
(10290101; 18) 


Ammonia n* 


*n- The Highest Attainable Interim Criteria Limit shall be derived as the 99th percentile value or highest value of 
recent historical (e.g., last five years) effluent discharge water quality data, whichever is lower. The Highest 
Attainable Interim Criteria Limit will be calculated when permits come up for renewal.  


 


4.a. Endangered and Threatened Species and Critical Habitat Potentially Present in the 
Action Area 


Kansas is home to 17 federally listed species. Table 4-2 provides the list of threatened, 
endangered, and candidate species in Kansas, and critical habitat for those species where it has 
been federally designated. The species list used to populate the table was obtained from the FWS 
Environmental Conservation Online System (ECOS) website on October 5, 2017. 12 Critical 
habitat has been designated in Kansas for Arkansas river shiner, Neosho mucket, Rabbitsfoot 
mussel, and Whooping crane. The EPA found three facilities (City of LeRoy, Chetopa, and 
Weir) that discharge into receiving waters that overlap with designated critical habitat for the 
Neosho mucket.  Additional information on listed species (and habitat) was obtained from 
species profiles available online at the Information Planning and Conservation System (IPaC)13 
on the ECOS Environmental Conservation Online System.    


                                                 
12 http://ecos.fws.gov/tess_public/reports/species-listed-by-state-report?state=KS&status=listed 
13 https://ecos.fws.gov/ipac/ 
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TABLE 4-2. ENDANGERED (E), THREATENED (T), AND CANDIDATE (C) 
SPECIES IN KANSAS.  
Listed species (based on published historic range and population data) –17 listings (15 
animals and 2 plants) 


Status Species/Listing Name Habitat 
E Bat, gray (Myotis grisescens) Wherever found 


T Bat, Northern long-eared (Myotis septentrionalis) Wherever found 


E *Beetle, American burying (Nicrophorus americanus) 
Wherever found, except 
where listed as an 
experimental population 


E Crane, whooping (Grus americana) 
Wherever found, except 
where listed as an 
experimental population 


E *Ferret, black-footed (Mustela nigripes) 
Wherever found, except 
where listed as an 
experimental population 


T Red Knot (Calidris canutus rufa) Wherever found 
T Madtom, Neosho (Noturus placidus) Wherever found 
E Mucket, Neosho (Lampsilis rafinesqueana) Wherever found 
T Plover, piping (Charadrius melodus) Wherever found 


T Mussel, Rabbitsfoot (Quadrula cylindrica) Wherever found 


T Shiner, Arkansas River (Notropis girardi) Arkansas River Basin (AR, KS, 
NM, OK, TX) 


E Shiner, Topeka (Notropis topeka (=tristis)) 
Wherever found, except 
where listed as an 
experimental population 


E Spectaclecase (mussel) (Cumberlandia monodonta) Wherever found 
E Sturgeon, pallid (Scaphirhynchus albus) Wherever found 


E Tern, least (Sterna antillarum) interior populations 


 
Plants: 


 
Status Species/Listing Name 


T *Milkweed, Mead's (Asclepias meadii) 


T *Orchid, western prairie fringed (Platanthera praeclara) 


*Grayed out species are not aquatic dependent species 
 



https://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=A04J

https://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=A0JE

https://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=I028

https://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=B003

https://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=A004

https://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=E03S

https://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=B079

https://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=E05X

https://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=E07R

https://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=F00X

https://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=B07N

https://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=Q1T6
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The two listed plant species (Mead’s milkweed and Western prairie fringed orchid) are not found 
in aquatic habitats, nor do they depend on such habitats for their survival. In addition, two of the 
listed animal species (Black-Footed Ferret and the American Burying Beetle) are not found in 
aquatic habitats and therefore will not be considered further in this BE. The EPA has made a “No 
Effect” determination with respect to these species. However, the other 13 listed species above 
clearly do depend on aquatic and/or riparian habitats for all or a portion of their life cycles. The 
descriptions below provide a summary of the occurrence, habitat needs, and life history traits for 
each of the aquatic and aquatic-dependent threatened, endangered, candidate and proposed 
species with ranges and/or critical habitat in the action area. See Appendix A for critical habitat 
and additional descriptions of these species, as provided by the Kansas’s Department of Wildlife, 
Parks and Tourism’s database of threatened and endangered species. Appendix B is the list of 
threatened and endangered species in relation to the facilities eligible for the ammonia variance.     


Gray Bat Myotis grisescens 
• Description of Species: The Gray Bat is a cave-dwelling bat that found a summer home 


in the storm water drainage system of Pittsburg, Kansas where an estimated 2,000-3,000 
individuals live. These bats are known to live 14-15 years. This bat lives in different 
locales in the summer and winter (hibernation caves).   


• Life History Traits: About 100 females use the tunnels of the drainage system as a 
nursery site. This bat hibernates in clusters with densities that average 170 bats per square 
foot. Females give birth to a single young in late May or early June.   


• Diet & Feeding Behavior: The bats feed on flying, aquatic, and terrestrial insects over 
water, and follow riparian woodland corridors to get to foraging sites.   


• Migration Patterns: Researchers have documented declines greater that 60% in 
populations in Tennessee, Kentucky, Alabama, Missouri, and Arkansas.  


Gray bats are endangered largely because of their habit of living in very large numbers in 
only a few caves. As a result, they are extremely vulnerable to disturbance. Arousing bats 
while they are hibernating can cause them to use up a lot of energy, which lowers their 
energy reserves. If a bat runs out of reserves, it may leave the cave too soon and die. In 
June and July, when flightless young are present, human disturbance can lead to mortality 
as frightened females drop their young in the panic to flee from the intruder.  


Northern Long-Eared Bat Myotis septentrionalis 
• Description of Species: The northern long-eared bat is a medium-sized bat with a body 


length of 3 to 3.7 inches but a wingspan of 9 to 10 inches. Their fur color can be medium 
to dark brown on the back and tawny to pale-brown on the underside. It is distinguished 
by its long ears, particularly as compared to other bats.   


• Habitat: In winter, the northern long-eared bat hibernates in caves and mines, called 
hibernacula. They are found in small crevices or cracks, often only the nose and ears are 
visible. These caves are in various sizes with constant temperature, high humidity, and no 
air currents. In summer, the bats roost singly or in colonies underneath bark, in cavities or 
in crevices of both live trees and snags. Males and non-reproductive females may also 
roost in cooler places, like caves and mines.   
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• Life History Traits: Breeding begins in late summer or early fall when males begin to 
swarm near hibernacula. After copulation, females store sperm during hibernation until 
spring. In spring, they emerge from their hibernacula, ovulate and the stored sperm 
fertilizes an egg, called delayed fertilization.   


After fertilization, pregnant females migrate to summer areas where they roost in small 
colonies and give birth to a single pup. Maternity colonies of females and young are 
generally 30-60 bats at the beginning of summer. Numbers of individuals in roosts 
typically decrease from pregnancy to post-lactation. Most bats within a maternity colony 
give birth around the same time, which may occur from late May or early June to late 
July, depending where the colony is located within the species’ range. Young bats start 
flying by 18-21 days after birth.   


• Diet & Feeding Behavior: Like other bats, northern long-eared bats emerge at dusk to 
feed. They fly through the understory of forested areas feeding on moths, flies, 
leafhoppers, caddisflies and beetles, which they catch while in flight using echolocation 
or by gleaning motionless insects from vegetation.   


• Migration Patterns: The northern long-eared bat’s range includes much of the eastern and 
north central United States, and all Canadian provinces from the Atlantic Ocean west to 
the southern Yukon Territory and eastern British Columbia.   


White-nose syndrome has been the most severe disease to hit the bat. If this disease had 
not emerged, it is unlikely the northern long-eared bat would be experiencing such 
dramatic population declines. Gates or other structures intended to exclude people from 
caves and mines not only restrict bat flight and movement, but also change airflow and 
internal cave microclimates making it unsuitable for hibernating bats. Human 
disturbances during hibernation cause bats to use up their already reduced energy stores, 
which may lead to individuals not surviving the winter.   


Whooping Crane Grus americana 
• Description of Species: The Whooping Crane is the tallest North American bird. Males, 


may approach 4.9 feet in height, are larger than the females. Adults are snowy white 
except for black primary feathers on the wings and a bare red face and crown. The bill is 
dark olive-gray, which becomes lighter during the breeding season. The eyes are yellow 
and the legs and feet are gray-black. Immature cranes are a reddish cinnamon color that 
results in a mottled appearance as the feather bases extend. The juvenile plumage is 
gradually replaced through the winter months and becomes predominantly white by the 
following spring as the dark red crown and face appear. Yearlings achieve the typical 
adult appearance by late in their second summer or fall.   


• Habitat: Whooping Cranes occur over central Kansas during migration and are often seen 
near Cheyenne Bottoms or Quivira National Wildlife Refuge.    


• Life History Traits: Whooping Cranes can live for 25 years in the wild and will lay 1-3 
eggs per nest. The population is closely monitored on breeding grounds, wintering 
grounds and in migration by wildlife officials.   
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• Diet & Feeding Behavior: Whooping Cranes are omnivorous feeders. They feed on 
insects, frogs, rodents, small birds, minnows, and berries in the summer. In the winter, 
they focus on predominantly animal prey, especially blue crabs and clams. They also 
forage for acorns, snails, crayfish and insects in upland areas.   


• Migration Patterns: In 1941, only 16 birds made the semiannual migration between 
Canada and Aransas National Wildlife Refuge in Texas. Through intensive conservation 
efforts, this number grew to 43 by 1966 and just over 300 individuals in 2014.   


Red Knot Calidris canutus rufa 
• Description of Species: The red knot (Calidris cantus rufa) is a medium-sized shorebird 


that migrates annually between breeding grounds in the central Canadian Arctic and 
several wintering regions, including the Southeast United States, the Northeast Gulf of 
Mexico, northern Brazil and Tierra del Fuego located at the southern tip of South 
America. During both the spring (northbound) and fall (southbound) migrations, red 
knots use staging and stopover areas to rest and feed along the way.   


The red knot is easily recognized during the breeding season by its distinctive red 
feathers. The face of the red knot has a prominent stripe above the eye. The breast and 
upper belly are rufous-red to brick or salmon red, sometimes with a few scattered light 
feathers mixed in. The feathers of the lower belly and under the tail are whitish with dark 
flecks. Upperparts of the bird are dark brown with white and red feather edges; outer 
primary feathers are dark brown to black. Females are similar in color to males, though 
the red colors are less intense, with more buff or light gray on the dorsal parts.  


• Habitat: The red knot nests on the ground, near water, and usually inland. Outside of 
breeding season, it is found primarily in intertidal, marine habitats, especially near coastal 
inlets, estuaries, and bays.   


• Life History Traits: The red knot is territorial and seasonally monogamous: it is unknown 
if pairs remain together from season to season. Males arrive before females after 
migration and begin defending territories. As soon as males arrive, they begin displaying, 
and aggressively defending their territory from other males.   


The nest is a shallow scrape lined with leaves, lichens and moss. The female lays three or 
more eggs, laid over the course of six days. Both parents incubate the eggs, sharing the 
duties equally. The off-duty parent forages in flocks with others of the same species. The 
incubation period lasting around 22 days. The chicks and the parents move away from the 
nest within a day of hatching and begin foraging with their parents.   


• Diet and Feeding behavior: On the breeding grounds, knots eat mostly spiders, 
arthropods, and larvae obtained by surface pecking, and on the wintering and migratory 
grounds they eat a variety of small clams, mussels, snails and other invertebrates, 
swallowing whole including the shell which is crushed by a muscular stomach.   


• Migration Patterns: Migrating knots can complete long-distance flights of 1,500 miles 
and more, stopping at critical stopover areas for rest and to refuel along the way. The 
knots have adapted to this by undergoing extensive physical changes. Flight muscles 
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enlarge, while leg muscles shrink.  Their stomachs and gizzards decrease, while fat mass 
increases by more than 50 percent. Considered to be rare and transient in the spring and 
fall in Kansas, red knots can be spotted using key stopover areas at Quivira National 
Wildlife Refuge as well as Cheyenne Bottoms State Wildlife Area in Kansas (Miller et al 
1985).  The reason for the red knot rufa’s listing were varied: habitat degradation, loss of 
key food supplies, and threats posed by climate change and sea level rise were all listed 
factors that were considered when the red knot rufa was listed.   


Neosho Madtom Noturus placidus 
• Description of Species: Small member of the catfish family and is mottled dark- and 


light-brown with dark bars on the tail and dusky streaks on the dorsal and anal fins. This 
species grows to be 3 inches in length and has a 2 to 3-year lifespan.   


• Habitat: These fish are found only in riffles and along sloping gravel bars in relatively 
clear moderately-large rivers. Deep deposits of loose, 8-16mm diameter, rounded 
limestone gravel in moderate to swift currents seem to be preferred. The Neosho Madtom 
occurs only in the Cottonwood and Neosho Rivers in Kansas. This species lives in loose, 
clean gravel where there is noticeable flow.   


• Life History Traits: It is believed that early summer high flows are necessary for 
successful spawning, which do not occur as often since impoundments were built on the 
Cottonwood and Neosho Rivers.   


• Diet & Feeding Behavior: Neosho Madtom hide during the day and is most active in the 
hours following sundown as it searches for insect larvae of caddisflies, mayflies and 
midges.  


• Migration Patterns: When dam discharge is modified, negative effects occur to spawning 
fish and their success including impeding upstream migration to spawning grounds, 
decreasing nutritional state and growth of fry, and decreasing the growth and survival of 
eggs and fry.   


Neosho Mucket Lampsilis rafinesqueana 
• Description of Species: A freshwater mussel that is kidney-shaped, dark brown in color 


and approximately four to six inches in length.   


• Habitat: The Neosho Mucket is found in the Fall, Verdigris, Neosho, and Spring Rivers. 
It is one of the predominant mussels in a short stretch of the Spring River but most the 
specimens found in the other rivers appear well-worn and old.   


• Life History Traits: Only black bass (largemouth, Smallmouth and Spotted) serve as the 
host for Neosho Mucket larvae, called glochidia, which the female releases in late spring. 
Attempts to grow this mussel on bass (from a hatchery) and then restocking the juvenile 
mussels have proven successful and reintroduction efforts are underway.   


• Diet & Feeding Behavior: Like all freshwater mussels, it is a filter feeder and must have a 
permanent source of flowing water surrounding it. It feeds by filtering suspended alga 
and microscopic organisms out of the water.   
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• Migration Patterns: The reasons for decline are unclear but past pesticide and water 
pollution (before regulation) probably played a large role. This species is still affected by 
past and potential future reservoir construction. Reservoirs alter the habitat by creating 
deeper water conditions, changing water flow and allowing sediment to be deposited over 
gravel beds where the mussels live. 


Piping Plover Charadrius melodus 
• Description of Species: The Piping Plover is well-camouflaged and difficult to see until it 


runs and stops in search of invertebrates for feeding. Like the more common Killdeer, the 
Piping Plover feigns injury to lure predators away from its nest or chicks. Mated pairs 
often stay together for 2-3 years and return to the same sandbar they previously occupied 
if the habitat remains suitable. These birds live up to 14 years.   


• Habitat: The majority of nesting habitat for this bird in Kansas is on sandbars along the 
Kansas River.   


• Life History Traits: This bird usually lays 4 eggs in a shallow depression in the sand. The 
eggs are spotted and blend into the sandy background. Sand bars become too vegetated 
over time for suitable nest sites unless occasional scouring occurs.   


• Diet & Feeding Behavior: Piping Plovers forage for freshwater and marine invertebrates 
typically within about 16 feet of the water’s edge. They run, stop, and tilt over to peck 
and probe into the soft substrates for marine worms, small crustaceans, flies, water 
beetles, snails, and roundworms among others. They also hold one foot in front of their 
bodies and vibrate it in the sand as a wave passes, possibly to bring invertebrates to the 
surface where they can easily grab them.   


• Migration Patterns: Piping Plovers migrate north to their breeding habitat in the spring 
and migrate south in the fall to spend the winter along the Gulf of Mexico and southern 
Atlantic Coast. 


Rabbitsfoot Mussel Quadrula cylindrica 
• Description of Species: This mussel is named because of its general shape. Its length is 


about three times longer than its width. The elongated, greenish-brown shell has a row of 
knobs and exhibits a beautiful pattern of dark triangles. It is one of the rarest mussels in 
Kansas and throughout its range.   


• Habitat: This mussel is often found in clear streams with swift current flowing over 
gravel substrates. Specimens can be found in the Spring River and a short stretch of the 
mid-Neosho River.   


• Life History Traits: The fish hosts for this mussel in Kansas have been identified as the 
Spotfin, Red and Bluntface shiners. Efforts to reintroduce this mussel to the Cottonwood 
and Verdigris rivers are underway.   


• Diet & Feeding Behavior: They siphon water into their shells and across four gills that 
are specialized for respiration and food collection. They primarily feed on disintegrated 
organic debris, algae, and bacteria. Adults are filter feeders, and generally orient 
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themselves on or near the substrate’s surface to take in food and oxygen from the water 
above them. Juveniles typically burrow completely beneath the substrate’s surface and 
are pedal (foot) feeders (bringing food particles inside the shell for ingestion that adhere 
to the foot while it is extended outside the shell) until the structures for filter feeding are 
more fully developed.   


• Recovery Efforts: Propagating and reintroducing juveniles to sites upriver in Kansas 
remains a possibility to help recover this species.   


Arkansas River Shiner Notropis girardi 
• Description of Species: This fish will reach about 2.5 inches in length and has a dark, 


chevron-shaped spot at the base of the tail.   


• Habitat: This small minnow only occurs in the Arkansas River and its tributaries where it 
inhabits wide, shallow, sandy habitats.   


• Life History Traits: Spawning occurs during high summer flows and increased water 
turbidity. They spawn after heavy summer rains and their eggs drift with the water 
current and develop as they are carried downstream.   


• Diet & Feeding Behavior: This fish utilizes the downstream side of the flow-formed sand 
ridges and faces upstream to feed on food items carried by the current.   


• Migration Patterns: Due to dewatering and managed flow rates, this species is estimated 
to have disappeared from 80% of its original range. There have only been a few 
collections of the Arkansas River Shiner in Kansas since the 1980s. It might still occur in 
Kansas in the Cimarron River.   


Topeka Shiner Notropis topeka 
• Description of Species: The male Topeka Shiner has a brilliant orange-red fins and 


cheeks during spawning season. The small, chevron-shaped dark spot at the base of the 
tail is a good identifying mark.    


• Habitat: Topeka Shiners inhabit small tributary streams primarily in the Flint Hills. These 
streams stop flowing during droughts, and the Topeka Shiner has adapted to these 
conditions by seeking refuge in spring-fed pools.   


• Life History Traits: The Topeka Shiner spawns in the nests of sunfish species, especially 
Green and Orange-spotted Sunfish.   


• Diet & Feeding Behavior: This species is an opportunistic omnivore. They frequently 
consume insects such as midges and mayflies. Food items also may include plant matter, 
algae, and eggs of other fishes. Topeka shiners feed primarily near the substrate during 
daylight hours. 


• Migration Patterns: It is known from six states but is imperiled because it has disappeared 
from nearly 80% of its former range. Pollution and habitat alteration caused by 
impoundments and stream channelization are blamed for the decline.  
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Spectaclecase Cumberlandia monodonta 


• Description of Species: The spectaclecase has an elongated shell with its length being up 
to 8 inches. The ventral surface is concave which gives the shell a banana-shaped 
appearance. The color is dark brown to black, and rayless. The pseudocardinal teeth are 
poorly developed, lateral teeth are absent, and the inside of the shell is white. The 
spectaclecase resembles the black sandshell (Liguma recta), but the black sandshell has 
well-developed pseudocardinal and lateral teeth, and the outside of the shell is often 
rayed.   


• Habitat: This mussel is found in-between and under the edges of large boulders in deep 
stretches of rivers. This is not typical for most mussels, which usually inhabit gravel or 
silt substrates. 


• Life History Traits: The life cycle of the spectaclecase is complex and includes a parasitic 
stage on fish or other host species. Males release sperm into the river current. As females 
siphon water for food and respiration, they also siphon sperm that fertilizes their eggs. 
Within special gill chambers, fertilized eggs develop into microscopic larvae called 
glochidia. After they mature, female mussels expel the glochidia, which must then attach 
to the gills or fins of a specific species, usually a fish, to continue developing into a 
juvenile mussel. 


If glochidia successfully attach to a host, they mature into juvenile mussels, and then drop 
off. If they land in a suitable area, glochidia grow into adult mussels. Using fish (or other 
aquatic species) as a host allows the spectaclecase to move upstream and populate 
habitats it could not otherwise reach. The host species for spectaclecase are not known.  


• Population Decline: Population losses due to dams have contributed more to the decline 
and potential extinction of the spectaclecase than any other factor. Dams affect both 
upstream and downstream populations by disrupting seasonal flow patterns, scouring 
river bottoms, changing water temperatures and eliminating river habitat. Large rivers 
throughout nearly all of the mussel’s range have been dammed, leaving short, isolated 
patches of habitat between dams. Spectaclecase mussels likely depend on a fish species, 
or other aquatic species, to move upstream.  Because dams block fish passage, mussels 
are also prevented from moving upstream. This isolates upstream populations from those 
downstream, leading to small, unstable populations, which are more likely to die out.   


• Diet & Feeding Behavior: Adult spectaclecase are suspension-feeders, siphoning water 
and feeding on suspended algae, bacteria, detritus, microscopic animals and dissolved 
organic material. Adult mussels spend their entire lives partially or completely buried 
within river bottom substrates. 


• Migration Patterns: Relic shells have been found in the Marais des Cygnes River, but no 
live individuals have been found in Kansas. Historically, the spectaclecase was found in 
at least 44 streams of the Mississippi, Ohio and Missouri River basins in 14 states. It has 
been extirpated from 3 states and today is found in only 20 streams.      
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Pallid Sturgeon Scaphirhynchus albus 


• Description of Species: Pallid sturgeons have a unique dinosaur-like appearance. They 
have a flattened snout, long slender tail and are armored with lengthwise rows of bony 
plates instead of scales. Their mouth is toothless and positioned under the snout for 
sucking small fishes and invertebrates from the river bottom. They can weigh up to 80 
pounds and reach lengths of 6 feet, whereas the closely related shovelnose sturgeon rarely 
weights more than 8 pounds. The back and sides of pallid sturgeons are grayish-white 
versus the brown color of the shovelnose.  


• Habitat: Pallid sturgeons evolved and adapted to living close to the bottom of large, silty 
rivers with natural hydrograph. Their preferred habitat has a diversity of depths and 
velocities formed by braided channels, sand bars, sand flats and gravel bars. Pallid 
sturgeon are found in the Missouri River along the Kansas-Missouri border. 


• Life History Traits: Sexual maturity for males is estimated to be 7-9 years, with 2-3 year 
intervals between spawning. Females are not expected to reach sexual maturity until 7-15 
years, with up to 10-year intervals between spawning.   


• Diet & Feeding Behavior: There are more fish in the diet of the pallid sturgeon and 
probably utilizes a different habitat type than the shovelnose sturgeon.   


• Migration Patterns: The pallid sturgeon experienced a dramatic decline throughout its 
range since the mid to late 1960’s. Nearly all of its habitat has been modified through 
river channelization, construction of impoundments, and related changes in water flow. 
These changes blocked the pallid sturgeon’s movements, destroyed or altered its 
spawning areas, reduced its food sources or its ability to obtain food, and altered water 
temperatures and other environmental conditions necessary for the fish’s survival.   


The future of the pallid sturgeon is questionable because of changes in hydrology and 
habitat changes that have occurred as rivers became regulated and engineered.   


Least Tern Sterna antillarum 
• Description of Species: The Least Tern is the smallest tern found in North America. 


These 8- to 9-inch birds have a black “crown” on their head, a snowy white underside 
and forehead, grayish back and wings, orange legs, and a yellow bill with a black tip.   


• Habitat: The Least Tern requires open, bare areas near water for nesting, such as sand 
bars along rivers, salt flats and even artificially cleared sites adjacent to rivers. In Kansas, 
these birds are frequently seen at Quivira National Wildlife Refuge, along the Kansas 
River and the Arkansas River near Wichita.   


• Life History Traits: The interior least tern breeding season is April-August. Nesting in 
small colonies, least tern nests are shallow depressions scraped in open sandy areas, 
gravelly patches, or exposed flats. Both parents incubate their eggs for about 24 days. 
Chicks leave the nest only a few days after hatching, but the adults continue to care for 
them leading them to shelter in nearby grasses and bringing them food.   
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• For sand bar habitat to remain suitable, occasional scouring by high water needs to occur 
to remove the vegetation that inhibits nesting. Least Terns also have been known to nest 
at a fly ash disposal area at the Jeffrey Energy Center northwest of Topeka, which is 
managed by Westar Energy to accommodate the birds.   


• Diet & Feeding Behavior: Least Terns eat small fish and occasionally shrimp and other 
marine invertebrates. They hover above the water then plunge from 3 to 10 feet down to 
dive after prey. They grasp the prey with their bill and usually eat in flight.   


• Migration Patterns: Impoundments, channelization, river flow manipulation, beach 
development, and human disturbance are all causes for the more recent decline of this 
bird whose numbers dropped 80% between the 1940s and 1970s. Efforts are being made 
in these areas to maintain nesting habitat and nesting success through water level 
management, predator management and a reduction in human disturbance. 


AMMONIA EFFECTS ASSESSMENT 


5. Effects Assessment Methodologies 


The Effects Assessment is only relevant to the adoption of the acute and chronic freshwater 
ammonia criteria in Kansas and does not assess the effects of the ammonia MDV.  Acute, 
chronic, and indirect effects were considered together to make listed species final effects 
determinations. 
 


5.a. Acute Effect Assessment Methodology: Direct Effects 
The protectiveness of the freshwater acute ammonia criterion magnitude was assessed by 
identifying or estimating acute toxicity values (i.e., LC50) for Kansas aquatic listed species that 
were then adjusted to represent protective low effect threshold concentrations as described 
below. Acute toxicity values used to develop the acute effects assessments were obtained from 
Appendix D of the ammonia 304(a) aquatic life criteria document (USEPA 2013) and were 
specifically used to derive the acute criterion (i.e., bold values in Appendix D of USEPA 
2013)14. These data were identified from EPA’s ECOTOX database, the open and grey literature, 
and have been subjected to extensive data quality review (see Stephan et al. 1985 for data quality 
objectives). Acute ammonia toxicity data used to support the effects assessment have been 
normalized to a pH of 7 (all freshwater species) and 20°C (freshwater invertebrates only), 
consistent with criteria derivation (USEPA 2013). Ideally, species-specific toxicity data would 
be available for the listed species of concern to support an acute effects assessment; however, 
data limitations often required use of surrogate toxicity data. 
 
EPA considered acute toxicity data at the closest taxonomic level possible to calculate geometric 
mean acute toxicity values for each aquatic listed species assessed. Considering surrogate 
                                                 
14As part of a literature search associated with this effort, EPA became aware of an article (Wang et al. 2017) 
published since the 2013 criteria document was finalized. Wang et al. (2017) contained acute toxicity values for 
several freshwater mussels in the Order Unionoida. The publication was reviewed for adherence to the strict data 
quality objectives necessary for use in criteria development (Stephan et al. 1985) and the tests were considered 
acceptable for acute criteria derivation. The species, genus, and family mean acute values in Table 5-13 in this 
document reflect toxicity values from Appendix D of the ammonia criteria document (USEPA 2013) with the 
additions from (Wang et al. 2017).  
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toxicity data at the most phylogenetically-related taxonomic level possible accounts for 
genetically-derived traits conserved across taxa that may directly influence sensitivity to a 
pollutant. Species-specific and surrogate acute toxicity data obtained from Appendix D of the 
USEPA 2013 ammonia aquatic life criteria document represent sensitivity expressed as a 
concentration that will acutely affect half of the species population. Acute toxicity data 
(expressed as LC50) were transformed to an acute minimum effect threshold concentration (i.e., 
LC5) which represents a concentration that is expected to affect 5% of the test population of a 
listed species under continuous exposure conditions, typically 48 to 96 hours depending on 
species tested. Representing acute minimum effect thresholds as an LC5 value is conservative 
because high-quality toxicity tests are considered acceptable even when up to 10% mortality is 
observed in the control treatment (organisms not exposed to the pollutant). Moreover, the use of 
a five percent toxicity value to represent an acute minimum effect threshold to an individual is 
consistent with reasonable and prudent measures (RPMs) outlined in a recent biological opinion 
(NOAA 2012). 
 
Raw acute toxicity data may be used to calculate LC5 values directly from the concentration-
response (C-R) curves of the listed species-specific toxicity tests, when available. However, not 
all acute tests provide concentration-response data. Therefore, species-specific, or surrogate LC50 
values (which represent listed species 50% effect level), were transformed to an acute minimum 
effect threshold concentration through the use of an acute taxonomic adjustment factor (TAF) or 
an acute mean adjustment factor (MAF).  
 
An acute TAF was calculated by averaging (geometric mean) the ratios of LC50:LC5 from 
ammonia toxicity tests conducted using species in the closest possible phylogenetic proximity 
(same species, genus, family, or order) as the listed species that is being assessed. When data 
availability did not allow for the development of an acute TAF within the same order as the 
species being assessed, EPA considered applying an invertebrate TAF or vertebrate acute TAF 
(depending on whether the species assessed was an invertebrate or vertebrate) if the acute 
invertebrate TAF and acute vertebrate TAF were significantly different when comparing the two 
values (expressed as arithmetic mean) using a t-test assuming unequal variances (α = 0.05). The 
acute invertebrate TAF and the acute vertebrate TAF were calculated as the geometric mean of 
genus-level LC50:LC5 ratios of invertebrates and vertebrates, respectively. An acute MAF was 
used to adjust species effect concentrations (i.e., LC50) to low effect threshold concentrations 
(i.e., LC5) when; 1) an acute TAF is not available within the same order as the listed species 
being assessed and 2) when the acute invertebrate TAF and the acute vertebrate TAF were not 
significantly different. The acute MAF is calculated as the geometric mean of all genus-level 
LC50:LC5 ratios available. Acute invertebrate and vertebrate TAFs and the acute MAF are 
calculated as the geometric mean of their respective genus-level LC50:LC5 ratios to limit the 
influence of LC50:LC5 ratios from species that are overly represented in a dataset, similar to 
criteria derivation (Stephan et al. 1985).  
 
Listed species-specific or surrogate LC50 values were then divided by an appropriate adjustment 
factor (i.e., acute TAF or acute MAF depending on data availability) to derive an acute minimum 
effect threshold concentration. Dividing LC50 values by an adjustment factor to identify a 
minimum-level effect concentration is an approach that is fundamentally similar to acute criteria 
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derivation15, but is more specific to the chemical and species assessed. Acute minimum effect 
threshold concentrations were then compared to corresponding criteria magnitudes (i.e., criterion 
maximum concentration [CMC]) to assess potential adverse effects of ammonia exposures at the 
acute criterion concentration over conservative exposure durations.  
 
Vertebrate sensitivity to ammonia is dependent on pH due to ammonia speciation differences, 
with tolerance decreasing as pH increases. Invertebrate sensitivity is influenced by both pH and 
temperature, with invertebrate tolerance increasing as temperature decreases (USEPA 2013). 
When salmonids in the Genus Oncorhynchus are present, EPA’s recommended acute criterion 
magnitude is limited to protect adult rainbow trout (a commercially and recreationally important 
species), which are the most sensitive species at lower temperatures (i.e., < 15.7°C). Thus, the 
CMC is both pH- and temperature-dependent. The CMC increases with decreasing temperature 
as a result of increased invertebrate insensitivity until it reaches a plateau of 24.10 mg TAN/L at 
15.7°C and below, where the most sensitive taxa is the temperature-sensitivity-invariant rainbow 
trout. Unlike the criterion magnitude, however, invertebrate sensitivity to ammonia continues to 
decrease as temperature decreases. Figure 5-1. depicts the change in the CMC across water 
chemistries (i.e., the change in acute criterion magnitude with temperature at pH 6, 7, 8, and 9), 
and how the acute minimum effect threshold for spectaclecase mussel (from Section 5.k.) 
changes with the criterion magnitude proportionally (factor difference of 1.794) until 15.7°C. 
The acute effects assessment was developed using toxicity data normalized to reference 
conditions (pH = 7, temperature = 20°C) and compared to the corresponding CMC in those same 
reference conditions. Because species sensitivity and the CMC both change similarly across 
water chemistries, conclusions based on reference conditions translates to other water 
chemistries.  


                                                 
15The Final Acute Value (FAV; fifth centile of genus mean acute values) is divided by 2.0 to derive the Criteria 
Maximum Concentration (CMC). The FAV was divided by 2.0 to ensure the CMC is representative of a 
concentration that will not severely adversely affect too many organisms. To support the development of the 1985 
Guidelines, a Federal Register notice published in 1978 (Vol 43, pp. 21506-21518; USEPA 1978) was cited that 
outlined the derivation of a generic LC50 to LClow (i.e., 0-10% effect) adjustment factor of 0.44 (or divide by 2.27). 
The adjustment factor of 2.27 was derived as the “geometric mean of the quotients of the highest concentration that 
killed 0-10% of the organisms divided by the LC50 in 219 acute toxicity tests.” The geometric mean adjustment 
factor (2.27) outlined in the 1978 Federal Register notice was subsequently rounded to 2.0 in the 1985 Guidelines. 
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Figure 5-1. Acute Criterion Magnitudes Extrapolated across a Temperature Gradient at pH 6, 7, 8 and 9 
(Panels A-D). The acute minimum threshold concentration calculated for the spectaclecase mussel (per 
Section 2.6.1 of this document) is overlaid on the acute criterion magnitude. Using the depiction at pH 7 
(Panel B) as the example, the criterion magnitude increases with decreasing temperature as a result of 
increased invertebrate tolerance until the CMC reaches a plateau of 24.10 mg TAN/L at 15.7°C and below, 
where the most sensitive taxa is the temperature-sensitivity-invariant rainbow trout. The criterion plateau 
(indicated by the dotted line) changes with pH. The spectaclecase mussel acute minimum effect threshold 
continues to decrease as temperature decreases. Above 15.7°C the factor difference between the acute 
criterion magnitude and acute minimum effect threshold for the spectaclecase mussel is 2.318. 
 
Assessing a criterion magnitude alone does not consider the duration and frequency components 
of the criterion and represents an overly conservative exposure scenario that assumes a pollutant 
concentration in all Kansas freshwaters will be at the acute criterion magnitude indefinitely. If a 
listed species acute minimum effect threshold concentration is greater than the corresponding 
acute criterion magnitude, then a refined assessment and consideration of the criterion duration 
and realistic exposure is not necessary, and approval of the acute criterion is Not Likely to 
Adversely Affect (NLAA) that particular listed species through direct acute effects in 
freshwaters. 
 


5.b. Chronic Effect Assessment Methodology: Direct Effects 
The protectiveness of the chronic freshwater ammonia criterion magnitude was assessed by 
identifying or estimating chronic toxicity values (i.e., EC20) for Kansas aquatic listed species that 
were then adjusted to represent protective low effect threshold concentrations as described 
below. Ammonia chronic toxicity values used to develop the chronic effects assessments were 
obtained from Appendix D of the ammonia 304(a) aquatic life criteria document (USEPA 2013) 
and were used to derive the chronic criterion (bold values in Appendix D of USEPA 2013). 
These data were identified from EPA’s ECOTOX database, open and grey literature, and have 
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been subjected to extensive data quality review (see Stephan et al. 1985 for data quality 
objectives). Chronic ammonia toxicity data used to support the effects assessment have been 
normalized to a pH of 7 (all freshwater species) and 20°C (freshwater invertebrates only), 
consistent with criteria derivation (USEPA 2013). 
 
Ideally, species-specific toxicity data for the listed species of concern would be available to 
support a chronic effects assessment; however, data limitations often required use of surrogate 
toxicity data. Unlike acute criteria derivation, which typically uses a generic LC50 to LClow 
adjustment factor (i.e., 2.01; Stephan et al. 1985), chronic criteria are based directly on chronic 
effect concentrations (e.g., EC20) and do not incorporate a generic ECx to EClow adjustment 
factor. However, a concentration that results in chronic effects to 20% of a listed species 
population may not be considered acceptable for listed species. Therefore, a similar convention 
used for the acute assessment methodology was applied to the chronic effects assessment 
methodology to determine a chronic minimum effect threshold concentration from chronic 
toxicity values (i.e., EC20).  
 
Raw chronic toxicity data may be used to calculate EC5 values directly from the concentration-
response (C-R) curves of the listed species-specific toxicity tests, when available. However, not 
all chronic tests provide concentration-response data. Therefore, species-specific, or surrogate 
EC20 values (which represent listed species 20% effect level), were transformed to a chronic 
minimum effect threshold concentration through the use of a chronic taxonomic adjustment 
factor (TAF) or a chronic mean adjustment factor (MAF), in the same manner as the acute 
adjustment factors were, as described above. Specifically, a chronic TAF was calculated by 
averaging (geometric mean) the ratios of EC20:EC5 from ammonia toxicity tests conducted using 
species in the closest possible phylogenetic proximity (same species, genus, family, or order) as 
the listed species that is being assessed. When data availability did not allow for the development 
of a chronic TAF within the same order as the species being assessed, EPA considered applying 
an invertebrate chronic TAF or vertebrate chronic TAF (depending on whether the species 
assessed was an invertebrate or vertebrate) if the chronic invertebrate TAF and chronic 
vertebrate TAF were significantly different when comparing the two values (expressed as 
arithmetic mean) using a t-test assuming unequal variances (α = 0.05). The chronic invertebrate 
TAF and the chronic vertebrate TAF were calculated as the geometric mean of genus-level 
EC20:EC5 ratios of invertebrates and vertebrates, respectively. A chronic MAF was used to adjust 
species effect concentrations (i.e., EC20) to low effect threshold concentrations (i.e., EC5) when; 
1) a chronic TAF is not available within the same order as the listed species being assessed and 
2) when the chronic invertebrate TAF and the chronic vertebrate TAF were not significantly 
different. The chronic MAF is calculated as the geometric mean of all genus-level EC20:EC5 
ratios available. Chronic invertebrate and vertebrate TAFs and the chronic MAF are calculated as 
the geometric mean of their respective genus-level EC20:EC5 ratios to limit the influence of 
EC20:EC5 ratios from species that are overly represented in a dataset, similar to criteria derivation 
(Stephan et al. 1985).  
 
Listed species-specific or surrogate EC20 values were then divided by an appropriate adjustment 
factor (i.e., chronic TAF or chronic MAF depending on data availability) to derive a chronic 
minimum effect threshold concentration. Chronic minimum effect threshold concentrations were 
then compared to the corresponding criterion magnitude (i.e., criterion continuous concentration 
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[CCC]) to assess potential adverse effects of ammonia exposures at the chronic criterion 
concentration. If a listed species chronic minimum effect threshold concentration is greater than 
the corresponding chronic criterion magnitude, then a refined assessment and consideration of 
realistic exposure is not necessary, and approval of the chronic criterion is Not Likely to 
Adversely Affect (NLAA) that particular listed species through direct chronic effects in 
freshwaters. 
 
The CCC is both pH- and temperature-dependent. Chronic vertebrate sensitivity to ammonia is 
affected by pH, while chronic invertebrate sensitivity to ammonia is influenced by temperature 
and pH. Figure 5-2 depicts the change in CCC across water chemistries and how the chronic 
minimum effect threshold for spectaclecase mussel (from Section 2.6.2) changes proportionally 
with the criterion magnitude (factor difference of 0.798). Because species sensitivity and the 
CCC both change similarly across water chemistries, conclusions based on reference conditions 
translates to other water chemistries. 


 
Figure 5-2. Chronic Criterion Magnitude Extrapolated across a Temperature Gradient at pH 6, 7, 8 and 9 
(Panels A-D). The chronic minimum threshold concentration for spectaclecase mussel (per Section 5.k. of this 
document) is overlaid. The factor difference between the chronic criterion magnitude and chronic minimum 
effect threshold for the spectaclecase mussel is 1.024. 
 


5.c. Indirect Effects: Assessment of Acute and Chronic Criteria  
Following assessment of direct acute and chronic effects, EPA considered and assessed potential 
indirect effects of the water quality standard approval actions on aquatic and aquatic-dependent 
species. To assess potential indirect effects, EPA considered conservatisms associated with 
criteria implementation as well as potential effects to listed species prey items.  
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5.d. Species: Final Effects Determinations 


Final effect determinations were based on direct and/or indirect effects of EPA’s approval of the 
acute and chronic freshwater ammonia water quality standards in Kansas. For aquatic listed 
species, EPA considered direct acute and chronic effects as well as indirect effects to make a 
final effects determination. For aquatic-dependent listed species, such as birds and mammals, 
EPA concludes there will be no direct effects (as a result of no meaningful direct exposure) and 
made a final effects determination based on indirect effects only. 
 
5.e. Critical Habitat: Effects Assessment and Final Critical Habitat Effects 
Determinations 
Following listed species final effects determinations, EPA made critical habitat effects 
determinations for designated critical habitat pertaining to aquatic and aquatic-dependent species 
in the action area. EPA considered Physical and Biological Features (PBFs, formally Primary 
Constituent Elements [PCEs]) essential to critical habitat and potential effects to listed species 
prey items (evaluated through the indirect effects assessment) to determine if the proposed action 
is Likely to Adversely Modify critical habitat or if the proposed action is Not Likely to Adversely 
Modify critical habitat.  
 
Species Effects Assessments (Acute, Chronic, & Indirect) 


5.f. Pallid Sturgeon (Scaphirhynchus albus) 
5.f.i. Pallid Sturgeon Acute Ammonia Effects Assessment 


Identifying Pallid Sturgeon Acute Ammonia Data 
High-quality species- or genus-level acute data (i.e., bold values in Appendix D of the 2013 
freshwater ammonia 304(a) aquatic life criteria document) were not available for the pallid 
sturgeon. Therefore, the species-level acute toxicity data for shortnose sturgeon were applied as a 
surrogate toxicity value for the pallid sturgeon. The shortnose sturgeon Species Mean Acute 
Value (SMAV) is composed of a single, definitive LC50 value (156.7 mg/L, normalized to pH 7) 
from a test with a sensitive life stage (Fontenot et al. 1998) and represents the Acipenseridae 
Family Mean Acute Value (FMAV) applicable to the pallid sturgeon (Table 5-1). 
 
Table 5-1. Data used to calculate the FMAV representative of pallid sturgeon acute sensitivity to ammonia. 


Order Family Species 
SMAV 
(mg/L)a 


GMAV 
(mg/L)a 


FMAV 
(mg/L)a 


Acipenseriformes Acipenseridae Shortnose sturgeon, 
Acipenser brevirostrum 156.7 


156.7 156.7 
Acipenseriformes Acipenseridae Pallid Sturgeon, 


Scaphirhynchus albus N/A 
a Normalized to pH 7 (USEPA 2013). 
N/A: not available 
 


Deriving LC50 to LC5 Acute Adjustment Factor 
The published acute toxicity study (Fontenot et al. 1998) used to calculate the shortnose sturgeon 
SMAV and the Acipenseridae FMAV (which is representative of pallid sturgeon) did not contain 
or report raw toxicity data. Because no raw acute toxicity data are available for fish species in the 
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same order, no acute order-level TAF could be calculated. As a result, EPA obtained and 
analyzed raw concentration-response data for all tests used to derive the acute criterion where 
such data were reported or could be obtained to derive a vertebrate-level TAF and an acute 
MAF, if necessary (i.e., if the vertebrate and invertebrate-level acute TAFs differ from one 
another). 
 
Raw acute toxicity data were fit to concentration-response (C-R) models using EPA’s Toxicity 
Relationship Analysis Program (TRAP, version 1.3a) to calculate LC50 and corresponding LC5 
values for 83 tests representing 34 species (18 invertebrates and 16 vertebrates). C-R models 
were excluded from TAF and MAF calculation if 1) models did not exhibit a unique solution and 
were flagged by TRAP as having inadequate partial effects; 2) models did not include 
observations in the region of interest which did not allow TRAP to accurately model a no-
response plateau and; 3) models exhibited incongruities such as no or poor fit to key points or 
excessive variation in the observations of C-R relationship. After exclusion of unacceptable or 
questionable LC50:LC5 ratios, 44 ratios remained resulting in nine genus-level LC50:LC5 ratios 
for invertebrate species (arithmetic mean = 2.157, variance = 0.4447) and eleven genus-level 
LC50:LC5 ratios for vertebrate species (arithmetic mean = 1.440, variance = 0.0491). Analysis of 
the two arithmetic means via a two-sample t-test assuming unequal variances (α = 0.05) 
indicated that the means are significantly different (t stat [3.088] > t critical for two tail 
[2.262]). Therefore, an acute vertebrate TAF is more appropriate than an acute MAF to 
transform the Acipenseridae FMAV applicable to the pallid sturgeon (156.7 mg/L) to an acute 
minimum effect threshold concentration. 
 
Table 5-2 provides the 11 genus-level LC50:LC5 ratios used to derive the acute vertebrate TAF. 
Individual test ratios ranged from 1.034 to 1.925. The acute vertebrate TAF calculated as the 
geometric mean of all genus-level LC50:LC5 ratios is 1.426 (n = 11; See Appendix F.1 [attached 
as a separate file: Appendix_F_Ammonia_C_R_Data] for raw toxicity test data and TRAP 
models and output for the 17 acute ammonia toxicity tests used to derive the acute vertebrate 
TAF; Appendix F.2 includes the raw toxicity data and TRAP models and output for all 
unacceptable and questionable ammonia C-R models). 







  36 


Table 5-2. Acute LC50:LC5 ratios from analysis of 17 high-quality acute ammonia toxicity tests with freshwater aquatic vertebrates used to derive an 
acute vertebrate adjustment factor (acute vertebrate TAF) for the pallid sturgeon. 
(Note: the acute vertebrate TAF is the geometric mean of all available genus-level LC50:LC5 ratios for vertebrates). 


Order Family Species 
LC50 


(mg/L) 
LC05 


(mg/L) 
LC50: 
LC05 


C-R Curve 
Label Reference 


Species-level 
TAF 


(LC50:LC05) 


Genus-level 
TAF 


(LC50:LC05) 
Salmoniformes Salmonidae Rainbow trout (40.0 g; resting fish), 


Oncorhynchus mykiss 202.2 105.1 1.925 Am-Acute-56 Wicks et al. 2002 1.925 1.925 


Cypriniformes Cyprinidae Rainbow dace, 
Cyprinella lutrensis 21.14 15.04 1.406 Am-Acute-58 Hazel et al. 1979 


1.387 1.387 
Cypriniformes Cyprinidae Rainbow dace, 


Cyprinella lutrensis 7.040 5.144 1.369 Am-Acute-59 Hazel et al. 1979 


Cypriniformes Cyprinidae Common carp (299 mg), 
Cyprinus carpio 51.65 40.37 1.279 Am-Acute-62 Hasan and MacIntosh 


1986 1.279 1.279 


Cypriniformes Cyprinidae Rio Grande silvery minnow (3-5 d old), 
Hybognathus amarus 17.52 12.52 1.399 Am-Acute-63 Buhl 2002 1.399 1.399 


Cypriniformes Cyprinidae Fathead minnow (0.2 g), 
Pimephales promelas 43.46 42.03 1.034 Am-Acute-69 Swigert and Spacie 


1983 1.188 1.188 
Cypriniformes Cyprinidae Fathead minnow (0.5 g), 


Pimephales promelas 42.76 31.33 1.365 Am-Acute-70 Swigert and Spacie 
1983 


Cypriniformes Catostomidae White sucker (92 mm, 6.3 g), 
Catostomus commersonii 29.27 20.35 1.439 Am-Acute-71 Reinbold and Pescitelli 


1982c 1.439 1.439 


Siluriformes Ictaluridae Channel catfish, 
Ictalurus punctatus 32.17 21.66 1.485 Am-Acute-74 Reinbold and Pescitelli 


1982d 1.485 1.485 


Perciformes Centrarchidae Pumpkinseed (4.13-9.22 g), 
Lepomis gibbosus 10.60 6.504 1.629 Am-Acute-77 Jude 1973 1.629 


1.425 
Perciformes Centrarchidae Bluegill, 


Lepomis macrochirus 6.752 5.940 1.137 Am-Acute-80 Hazel et al. 1979 


1.247 Perciformes Centrarchidae Bluegill (0.9 g), 
Lepomis macrochirus 57.29 46.32 1.237 Am-Acute-83 Swigert and Spacie 


1983 


Perciformes Centrarchidae Bluegill (1.2 g), 
Lepomis macrochirus 37.54 27.22 1.379 Am-Acute-84 Swigert and Spacie 


1983 


Perciformes Percidae Orangethroat darter, 
Etheostoma spectabile 35.15 19.97 1.760 Am-Acute-85 Hazel et al. 1979 


1.620 1.620 
Perciformes Percidae Orangethroat darter, 


Etheostoma spectabile 8.151 5.465 1.491 Am-Acute-86 Hazel et al. 1979 


Perciformes Cichlidae Mozambique tilapia (juvenile), 
Oreochromis mossambicus 118.2 106.2 1.113 Am-Acute-87 Rani et al. 1998 1.113 1.113 


Anura Hylidae  Pacific tree frog (embryo), 
Pseudacris regilla 62.51 39.45 1.584 Am-Acute-89 Schuytema and 


Nebeker 1999a 1.584 1.584 
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Calculating Pallid Sturgeon Acute Ammonia Minimum Effect Threshold 
Dividing the Acipenseridae FMAV (156.7 mg/L; surrogate value for pallid sturgeon) by the 
acute vertebrate TAF (1.426) results in an acute ammonia minimum effect threshold 
concentration of 109.9 mg/L (normalized to pH 7) for pallid sturgeon. 
 


Pallid Sturgeon: Acute Ammonia Effects Determination 
The acute ammonia CMC at pH 7 (17 mg/L) is 6.5 times lower than the pallid sturgeon acute 
ammonia minimum effect threshold of 109.9 mg/L. The pallid sturgeon acute minimum effect 
threshold concentration, based on continuous laboratory exposures, is greater than the 
corresponding criterion magnitude. As a result, refined assessment and consideration of the 
criterion duration is not necessary, and approval of the acute ammonia water quality standard is 
Not Likely to Adversely Affect (NLAA) the pallid sturgeon through direct acute effects. 
 


5.f.ii. Pallid Sturgeon Chronic Ammonia Effects Assessment 
Identifying Pallid Sturgeon Chronic Ammonia Data 


High-quality empirical chronic toxicity data within the Order Acipenseriformes are not available 
to serve as chronic toxicity data representative of the pallid sturgeon. As a result, the 
Acipenseridae family-level acute toxicity value was transformed to represent a chronic toxicity 
value (i.e., EC20) of 17.46 mg/L (Table 5-3). This Acipenseridae Family Mean Chronic Value 
(FMCV) was calculated by dividing the shortnose sturgeon acute toxicity value (156.7 mg/L; 
surrogate value for pallid sturgeon) by the reported vertebrate ammonia acute:chronic ratio 
(Vert-ACR; USEPA 2013). The Vert-ACR (8.973) is based on ACRs representing five families 
of freshwater fishes which range from 4.8 to 14.75 (Appendix D of USEPA 2013).  
 
Table 5-1. Data used to calculate the FMCV representative of pallid sturgeon chronic 
sensitivity to ammonia. 


Order Family Species 
SMAV 
(mg/L)a 


FMAV 
(mg/L)a 


VERT-
ACR 


FMCV 
(mg/L)a 


Acipenseriformes Acipenseridae Shortnose sturgeon, 
Acipenser brevirostrum 156.7 


156.7 8.973 17.46 
Acipenseriformes Acipenseridae Pallid sturgeon, 


Scaphirhynchus albus N/A 
a Normalized to pH 7 (USEPA 2013). 
N/A: not available 
 


Deriving EC20 to EC5 Chronic Adjustment Factor 
High-quality chronic toxicity data were not available for the pallid sturgeon or surrogate species 
within the Order Acipenseriformes, and therefore, no raw toxicity data are available to support 
the derivation of a pallid sturgeon-specific EC20:EC5 adjustment factor at or below the order-
level. As a result, EPA obtained and analyzed raw C-R data for all tests used to derive a chronic 
vertebrate-level TAF and a chronic MAF, if necessary (i.e., if the vertebrate and invertebrate-
level chronic TAFs do not differ from one another). 
 
Raw chronic toxicity data were fit to C-R models using EPA’s TRAP software to calculate EC20 
and corresponding EC5 values for 31 tests representing 20 species (10 invertebrate and 10 fish 
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species). C-R models were excluded from TAF and MAF calculation if 1) models did not exhibit 
a unique solution and were flagged by TRAP as having inadequate partials; 2) models did not 
include observations in the region of interest which did not allow TRAP to accurately model a 
no-response plateau and; 3) models exhibited incongruities such as no or poor fit to key points or 
excessive noise in the C-R relationship. After exclusion of unacceptable or questionable 
EC20:EC5 ratios for use in calculating a chronic MAF, 20 ratios remained resulting in five genus-
level EC20:EC5 ratios for invertebrate species (arithmetic mean = 1.341 mg/L, variance = 
0.01208 mg/L) and seven genus-level EC20:EC5 ratios for vertebrate species (arithmetic mean = 
1.472 mg/L, variance = 0.01326 mg/L). Analysis of the two means via a two-sample t-test 
assuming unequal variances (α = 0.05) indicated that the means are the same (t stat [-2.004] < t 
critical for two tail [2.262]). As a result, the chronic MAF was used to transform the 
Acipenseridae FMCV applicable to the pallid sturgeon (17.46 mg/L) to a chronic minimum 
effect threshold concentration.  
 
Table 5-4 provides the 12 genus-level EC20:EC5 ratios used to derive the chronic MAF. 
Individual test ratios ranged from 1.183 to 1.881 (Table 5-4). The chronic MAF calculated as the 
geometric mean of all genus-level EC20:EC5 ratios is 1.412 (see Appendix F.3 [attached as a 
separate file: Appendix_F_Ammonia_C_R_Data] for raw toxicity test data and TRAP models 
and output for the 20 chronic ammonia toxicity tests used to derive the chronic MAF; Appendix 
F.4 includes the raw toxicity data and TRAP models and output for all unacceptable and 
questionable ammonia toxicity tests). 
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Table 5-2. Chronic EC20:EC5 ratios from analysis of 20 high-quality chronic ammonia toxicity tests with freshwater aquatic organisms used to derive a 
chronic ammonia MAF representative of the pallid sturgeon. 
(Note: the chronic MAF is the geometric mean of all available genus-level EC20:EC5 ratios). 


Order Family Species 
EC20 


(mg/L) 
EC05 


(mg/L) 
EC20:
EC05 


C-R Curve 
Label Reference 


Species-level 
TAF 


(EC20:EC05) 


Genus-level 
TAF 


(EC20:EC05) 
Veneroida Pisidiidae Long fingernailclam, 


Musculium transversum 6.049 4.626 1.308 Am-Chronic-4 Anderson et al. 
1978 1.308 1.308 


Neotaenioglossa Hydrobiidae Pebblesnail (1.81 mm juvenile), 
Fluminicola sp. 2.269 1.559 1.455 Am-Chronic-6 Besser 2011 1.455 1.455 


Diplostraca Daphniidae Water flea, 
Ceriodaphnia acanthina 49.59 41.21 1.203 Am-Chronic-7 Mount 1982 1.203 


1.322 Diplostraca Daphniidae Water flea, 
Ceriodaphnia dubia 15.57 10.36 1.503 Am-Chronic-8 Nimmo et al. 1989 


1.453 
Diplostraca Daphniidae Water flea, 


Ceriodaphnia dubia 5.720 4.072 1.405 Am-Chronic-9 Willingham 1987 


Diplostraca Daphniidae Water flea, 
Daphnia magna 8.265 5.026 1.645 Am-Chronic-10 Gersich et al. 1985 


1.436 1.436 
Diplostraca Daphniidae Water flea, 


Daphnia magna 20.86 16.64 1.254 Am-Chronic-11 Reinbold and 
Pescitelli 1982a 


Plecoptera Pteronarcyidae Stonefly, 
Pteronarcella badia 133.8 113.0 1.183 Am-Chronic-13 Thurston et al. 


1984b 1.183 1.183 


Salmoniformes Salmonidae 
Lahontan cutthroat trout 
(fertilized), 
Oncorhynchus clarkii henshawi 


19.32 10.83 1.784 Am-Chronic-15 Koch et al. 1980 1.784 
1.497 


Salmoniformes Salmonidae Rainbow trout, 
Oncorhynchus mykiss 8.982 7.148 1.257 Am-Chronic-16 Brinkman et al. 


2009 1.257 


Esociformes Esocidae   Northern pike (fertilized), 
Esox lucius 14.81 10.91 1.357 Am-Chronic-17 Harrahy et al. 2004 1.357 1.357 


Cypriniformes Cyprinidae Common carp (fertilized), 
Cyprinus carpio 8.246 5.612 1.469 Am-Chronic-18 Mallet and Sims 


1994 1.469 1.469 


Cypriniformes Cyprinidae Fathead minnow (embryo-larvae), 
Pimephales promelas 4.656 3.361 1.385 Am-Chronic-19 Mayes et al. 1986 


1.565 1.565 
Cypriniformes Cyprinidae Fathead minnow (embryo-larvae), 


Pimephales promelas 7.396 5.561 1.330 Am-Chronic-20 Adelman et al. 
2009 


Cypriniformes Cyprinidae Fathead minnow, 
Pimephales promelas 5.795 3.081 1.881 Am-Chronic-21 Swigert and Spacie 


1983 
Cypriniformes Cyprinidae Fathead minnow, 


Pimephales promelas 1.903 1.099 1.732 Am-Chronic-22 Thurston et al. 
1986 


Cypriniformes Catostomidae White sucker (3 d old embryo), 
Catostomus commersonii 1.296 0.783 1.656 Am-Chronic-23 Reinbold and 


Pescitelli 1982a 1.656 1.656 


Perciformes Centrarchidae Bluegill, 
Lepomis macrochirus 1.855 1.402 1.323 Am-Chronic-27 Smith et al. 1984 1.323 1.323 
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Order Family Species 
EC20 


(mg/L) 
EC05 


(mg/L) 
EC20:
EC05 


C-R Curve 
Label Reference 


Species-level 
TAF 


(EC20:EC05) 


Genus-level 
TAF 


(EC20:EC05) 
Perciformes Centrarchidae Smallmouth bass, 


Micropterus dolomieu 8.395 5.585 1.503 Am-Chronic-30 Broderius et al. 
1985 1.440 1.440 


Perciformes Centrarchidae Smallmouth bass, 
Micropterus dolomieu 1.610 1.168 1.379 Am-Chronic-31 Broderius et al. 


1985 
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Calculating Pallid Sturgeon Chronic Ammonia Minimum Effect Threshold 
Dividing the estimated sturgeon EC20 value (17.46 mg/L) by the chronic MAF (1.412) results in 
a chronic minimum effect threshold concentration of 12.37 mg/L (normalized to pH 7).   
 


Pallid Sturgeon: Chronic Ammonia Effects Determination 
The chronic ammonia CCC at pH 7 (1.9 mg/L) is 6.5 times lower than the pallid sturgeon 
chronic minimum effect threshold concentration of 12.37 mg/L. The pallid sturgeon chronic 
minimum effect threshold concentration, based on continuous laboratory exposures, is greater 
than the corresponding criterion magnitude. As a result, approval of the chronic ammonia water 
quality standard is Not Likely to Adversely Affect (NLAA) the pallid sturgeon through direct 
chronic effects. 
  


5.f.iii. Pallid Sturgeon Ammonia Indirect Effects Assessment 
Aquatic life criteria are conservatively implemented in National Pollution Discharge Elimination 
System (NPDES) permit limits by assuming receiving streams are continually at low-flow 
conditions which significantly limits the probability of in situ pollutant concentrations reaching 
criteria magnitudes and durations. NPDES permit limits based on the acute ammonia criterion 
typically assume a receiving stream is continually at 1Q10 low-flow conditions, while the 
probability of these low-flow conditions occurring is exceedingly rare (i.e., 1-day average lowest 
flow over the course of a 10-year period). Similarly, NPDES permit limits based on the chronic 
ammonia criterion typically assume receiving streams are continually at 30Q10 or 30Q5 low-
flow conditions (i.e., 30-day average lowest flow over the course of a 5 or 10-year period). As a 
result, excess dilution limits instream ammonia concentrations and drastically decreases the 
probability in situ ammonia concentrations will reach criteria magnitudes and durations. 
Independent of assuming low flow conditions, NPDES permits also layer on an additional level 
of conservatism by ensuring facilities discharge ammonia at Long Term Average concentrations 
(LTAs), which are based on Waste Load Allocations16 (WLAs) set as the 99th centile of a log-
normal distribution that describes effluent variability. Setting WLAs as the 99th centile of an 
effluent distribution ensures a 99% chance facilitates discharge ammonia at concentrations less 
than those that would cause receiving stream ammonia concentrations to reach criteria 
magnitudes under critical flow conditions (which are independent and also exceedingly rare 
events; USEPA 1991). Additionally, even if in situ exposures were to match the acute or chronic 
criteria magnitudes, the broad aquatic community, including pallid sturgeon prey items, will be 
adequately protected because aquatic life criteria are based on the fifth centile of sensitive 
genera.  
 
The pallid sturgeon broadly relies on benthic invertebrates, including mussels, crustaceans, and 
insects as a primary food sources as well as small benthic fishes. Freshwater unionid mussels are 
among the most sensitive genera to acute and chronic ammonia exposures, with aquatic insects 
and crustaceans being relatively insensitive (USEPA 2013). The acute and chronic ammonia 
criteria are both primarily based on mussel sensitivity. If ammonia concentrations in Kansas 
ecosystems were to occur at acute or chronic criteria magnitudes and durations (which is highly 


                                                 
16 A Waste Load Allocations (WLA) is the maximum allowable pollutant concentration in an effluent from a 
discharger that, after accounting for available dilution under critical low flow conditions (e.g., 1Q10, 30Q5, 30Q10), 
will meet an applicable water quality criterion (USEPA 1991). 
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unlikely based the conservative implementation of criteria in NPDES permit limits), a small 
portion of individuals (i.e., < 20% of individuals in the most sensitive populations because acute 
criteria are based on LC0-10 values, while chronic criteria are typically based on EC20 values) in 
the most sensitive mussel populations may experience short-term effects. Further, if ammonia 
were to exist at criteria concentrations indefinitely in Kansas freshwaters (which is not allowed 
under the full definition of the criteria when considering magnitude, duration, and frequency), 
pallid sturgeon would not be indirectly affected because only a small portion of mussels would 
experience effects and sturgeon do not rely exclusively on mussels as a food source, with 
additional sturgeon food sources (e.g., insects, benthic worms, fish) remaining tolerant to 
ammonia exposures (USEPA 2013). As a result, EPA approval of Kansas acute and chronic 
ammonia standards is Not Likely to Adversely Affect (NLAA) pallid sturgeon through indirect 
effects.  
 


5.g. Shiner: Topeka (Notropis topeka) and Arkansas River (Notropis 
girardi) 


5.g.i. Shiner Acute Ammonia Effects Assessment 
Identifying Shiner Acute Ammonia Data 


High-quality species-level acute toxicity data from Appendix D of the 2013 freshwater ammonia 
304(a) aquatic life criteria document were available for the Topeka shiner. No acute toxicity data 
with other members of the Genus Notropis are available (Table 5-5). Therefore, the species-level 
acute toxicity data for Topeka shiner are also used for the Arkansas River shiner as a genus-level 
surrogate toxicity value. The SMAV for Topeka shiner (96.72 mg TAN/L, normalized to pH 7) 
is based on the geometric mean of three definitive LC50 values reported in Adelman et al. (2009). 
The normalized LC50 values range from 69.59 mg TAN/L for 29 month-old adult fish to 88.27 
and 147.3 mg TAN/L for 16 and 15 month-old juvenile fish, respectively (Appendix D of 
USEPA 2013).  
 
Table 5-5. Data used to calculate the GMAV representative of Topeka and Arkansas River shiner acute 
sensitivity to ammonia. 


Order Family Species 
SMAV 
(mg/L)a 


GMAV 
(mg/L)a 


Cypriniformes Cyprinidae Topeka shiner, 
Notropis topeka 96.72 


96.72 
Cypriniformes Cyprinidae Arkansas River shiner, 


Notropis Girardi N/A 
a Normalized to pH 7 (USEPA 2013). 
N/A: not available 
 


Deriving LC50 to LC5 Acute Adjustment Factor 
Raw toxicity data were unavailable for the three acute ammonia toxicity tests used to calculate 
the Topeka shiner SMAV and the Notropis GMAV (which is representative of Arkansas River 
shiner). Because raw toxicity data from other toxicity tests with shiners in the Genus Notropis 
are unavailable, a Notropis genus-level TAF could not be calculated. As a result, EPA obtained 
and analyzed raw C-R data for 10 tests with closely-related surrogate species (i.e., other 
freshwater fishes within the Family Cyprinidae) to derive an acute Cyprinidae family-level TAF.  
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Raw acute toxicity data were fit to C-R models using EPA’s TRAP software to calculate LC50 
and corresponding LC5 values for the ten tests representing seven cyprinid fish species. Of the 
ten C-R models available only six were used to calculate the Cyprinidae family-level TAF. Two 
C-R models were excluded because they did not exhibit a unique solution (inadequate partials) 
and two exhibited poor fit to key points reducing certainty in estimates. The remaining six ratios 
resulted in four genus-level LC50:LC5 ratios for cyprinid fish (Table 5-6). The overall variability 
in acute ammonia ratios among freshwater cyprinid fishes is low. Individual test ratios ranged 
from 1.034 to 1.406 (Table 5-6). The acute family-level TAF calculated as the geometric mean 
of all four genus-level LC50:LC5 ratios for freshwater cyprinids is 1.310 (see Appendix F.1 
[attached as a separate file: Appendix_F_Ammonia_C_R_Data] for raw toxicity test data, TRAP 
models, and output for the six acute ammonia toxicity tests used to derive the acute Cyprinidae 
family-level TAF; Appendix F.2 includes the raw toxicity data, TRAP models, and output for the 
unacceptable and questionable ammonia toxicity tests excluded from the acute family-level 
TAF). 


Calculating Shiner Acute Ammonia Minimum Effect Threshold 
Dividing the Topeka shiner SMAV and the Notropis GMAV (which is representative of 
Arkansas River shiner; 96.72 mg/L) by the acute Cyprinidae family-level TAF (1.310, n = 4) 
results in an acute minimum effect threshold concentration of 73.83 mg/L (normalized to pH 7). 
 


Shiner: Acute Ammonia Effects Determination 
The acute ammonia CMC at pH 7 (17 mg/L) is 4.3 times lower than the shiner acute minimum 
effect threshold of 73.83 mg/L. The shiner acute minimum effect threshold concentration, based 
on continuous laboratory exposures, is greater than the corresponding criterion magnitude. As a 
result, refined assessment and consideration of the criterion duration is not necessary and 
approval of the acute ammonia water quality standard is Not Likely to Adversely Affect (NLAA) 
the Topeka and Arkansas River shiners through direct acute effects. 
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Table 5-6. Acute LC50:LC5 ratios from analysis of six high-quality acute ammonia toxicity tests with 
freshwater cyprinid fish used to derive an acute family taxonomic adjustment factor (TAF) representative of 
the Topeka and Arkansas River shiner. 


Family Species 


LC50 
(mg 
TA


N/L) 


LC05 
(mg 


TAN/
L) 


LC50


:LC
05 


C-R 
Curve 
Label Reference 


Species-
level 
TAF 


LC50:L
C05 


Genus-
level 
TAF 


LC50:L
C05 


Family-
level 
TAF 


LC50:L
C05 


Cyprinidae 
Rainbow 
dace, 
Cyprinella 
lutrensis 


21.14 15.04 1.406 Am-
Acute-58 Hazel et al. 1979 


1.387 1.387 


1.310 


Cyprinidae 
Rainbow 
dace, 
Cyprinella 
lutrensis 


7.040 5.144 1.369 Am-
Acute-59 Hazel et al. 1979 


Cyprinidae 


Common 
carp (299 
mg), 
Cyprinus 
carpio 


51.65 40.37 1.279 Am-
Acute-62 


Hasan and 
MacIntosh 1986 1.279 1.279 


Cyprinidae 


Rio 
Grande 
silvery 
minnow 
(3-5 d 
old), 
Hybognat
hus 
amarus 


17.52 12.52 1.399 Am-
Acute-63 Buhl 2002 1.399 1.399 


Cyprinidae 


Fathead 
minnow 
(0.2 g), 
Pimephale
s 
promelas 


43.46 42.03 1.034 Am-
Acute-69 


Swigert and 
Spacie 1983 


1.188 1.188 


Cyprinidae 


Fathead 
minnow 
(0.5 g), 
Pimephale
s 
promelas 


42.76 31.33 1.365 Am-
Acute-70 


Swigert and 
Spacie 1983 







  45 


5.g.ii. Shiner Chronic Ammonia Effects Assessment 
Identifying Shiner Chronic Ammonia Data 


High-quality species-level chronic toxicity data are not available for the Topeka and Arkansas 
River shiners or for other species within the Genus Notropis. Family-level chronic toxicity data 
were, therefore, used to determine a chronic toxicity value (i.e., EC20) of 12.32 mg/L (pH 7) 
representative of the Topeka and Arkansas River shiners (Table 5-7). The Cyprinidae FMCV is 
based on chronic toxicity test results reported for two different freshwater cyprinid species, the 
fathead minnow (Genus Pimephales), and the common carp (Genus Cyprinus). The SMCV (and 
GMCV since no other Pimephales data were available) for fathead minnow is based on the 
geometric mean of four chronic toxicity tests, three of which were conducted as early-life stage 
exposures, with the test endpoint being either biomass (as reported by Adelman et al. [2009] and 
Swigert and Spacie [1983]) or survival (Mayes et al. 1986). The test endpoint reported for the 
fourth fathead minnow chronic test was based on embryo hatchability during a life-cycle test 
(Thurston et al. 1986). The SMCV (and GMCV since no other Cyprinus data were available) for 
common carp was based on the result of a single early-life stage test (Mallet and Sims 1994), and 
the test endpoint used for EC20 estimation was growth (wet weight). All EC20 values used to 
derive the cyprinid FMCV (representative of the two shiner species) were used to derive the 
chronic criterion (bolded values in Appendix D of USEPA [2013]) and have been normalized to 
a pH of 7. 
 
Table 5-7. Data used to calculate the FMCV representative of Topeka and Arkansas River shiner chronic 
sensitivity to ammonia. 


Family Species  
SMCV 
(mg/L)a 


GMCV 
(mg/L)a 


FMCV 
(mg/L)a 


Cyprinidae Topeka shiner, 
Notropis topeka N/A N/A 


12.32 
Cyprinidae Arkansas River shiner, 


Notropis girardi N/A N/A 


Cyprinidae Common carp, 
Cyprinus carpio 16.53 16.53 


Cyprinidae Fathead minnow, 
Pimephales promelas 9.187 9.187 


a Normalized to pH 7 (USEPA 2013). 
N/A: not available  


Deriving EC20 to EC5 Chronic Adjustment Factor 
High-quality and relevant chronic toxicity data were not available for the Topeka and Arkansas 
River shiners at the species- or genus-level, and therefore, no raw toxicity data are available to 
support the derivation of an EC20:EC5 adjustment factor within the Genus Notropis. As a result, 
EPA analyzed raw C-R data for the same five chronic ammonia toxicity tests with surrogate 
species in the same family as the shiners (i.e., the same fathead minnow and common carp tests 
used to calculate the FMCV for the shiners, all of which reported raw data).  
 
Raw chronic toxicity data were fit to C-R models using EPA’s TRAP software to calculate EC20 
and corresponding EC5 values for the five tests with freshwater cyprinid fishes (Table 5-8). 
Ratios from the tests ranged from 1.330 to 1.881. The chronic Cyprinidae family-level TAF 
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calculated as the geometric mean of the two genus-level EC20:EC5 ratios in the Family 
Cyprinidae (i.e., 1.469 and 1.565 for Cyprinus and Pimephales, respectively) is 1.516 (see 
Appendix F.3 [attached as a separate file: Appendix_F_Ammonia_C_R_Data] for raw toxicity 
data and TRAP models and output). 
 


Calculating the Shiner Chronic Ammonia Minimum Effect Threshold 
Dividing the estimated shiner EC20 value (12.32 mg/L; family-level surrogate) by the chronic 
Cyprinidae family-level TAF (1.516) results in a chronic minimum effect threshold 
concentration of 8.127 mg/L (normalized to pH 7). 
 


Shiner: Chronic Ammonia Effect Determination 
The chronic ammonia CCC at pH 7 (1.9 mg/L) is approximately 4.3 times lower than the shiner 
chronic minimum effect threshold concentration of 8.127 mg/L. When deriving criteria and 
developing effects assessments, EPA relies on the most relevant and high-quality data possible to 
inform scientifically-sound conclusions. In certain cases, EPA may consider lower-quality 
toxicity data as supportive auxiliary information to inform effects determinations. Appendix D of 
the ammonia 304(a) Aquatic Life Criteria document (USEPA 2013) contains “Other Chronic 
Ammonia Toxicity Data” for freshwater species and consists of studies that do not meet the 
rigorous data quality, type and documentation requirements specified in the 1985 Guidelines, yet 
may contain quality portions that may be considered as supportive auxiliary data. For example, 
Adelman et al. (2009) was not used for criteria derivation because reported chronic Topeka 
shiner tests were not true early-life stage tests (i.e., initiated with juveniles and adults instead of 
embryos, which are typically most sensitive life stages), but may provide supportive insight into 
shiner tolerance to chronic ammonia exposures. 
 
Adelman et al. (2009) conducted 30-day chronic toxicity tests with ammonia on Topeka shiner 
juveniles and adults as well as fathead minnow juveniles and embryos (32-day test for fathead 
minnow embryos). Chronic toxicity values reported by Aldelman et al. (2009) were initially 
reported as maximum acceptable toxicant concentrations (MATC) but recalculated as point 
estimates from the raw supplemental data and are presented in Appendix D of USEPA (2013) as 
EC20 values normalized to a pH of 7.0. Adult (survival EC20 = 24.21 mg TAN/L) and juvenile 
(survival and growth EC20 = 17.45) Topeka shiners are insensitive to ammonia at exposures 
specified by the chronic ammonia criterion; however, chronic sensitivity of Topeka shiner 
embryos, which are expected to be more sensitive than juveniles, is largely unknown. Therefore, 
Aldelman et al. (2009) noted fathead minnow embryos were 51% more sensitive to chronic 
ammonia exposures than juveniles and suggested the relationship between fathead minnow 
juvenile and embryo sensitivity is applicable to Topeka shiner. Topeka shiner embryo sensitivity 
was estimated from juvenile sensitivity (embryo EC20 estimate = juvenile EC20[17.45] x 0.51 = 
8.9 mg TAN/L) and suggests embryonic and larval life stages of Topeka shiner are insensitive to 
chronic ammonia exposure outlined by the chronic criterion (CCC = 1.9 mg TAN/L, pH = 7.0). 
The shiner chronic minimum effect threshold concentration, based on the most relevant and 
high-quality data possible from continuous laboratory exposures, is greater than the 
corresponding criterion magnitude. Furthermore, supportive data from lower-quality chronic 
toxicity studies also suggest that the Topeka shiner is not sensitive to ammonia at the chronic 
criterion concentration. As a result, approval of the chronic ammonia water quality standard is 
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Not Likely to Adversely Affect (NLAA) the Topeka and Arkansas River shiner through direct 
chronic effects. 
 


5.g.iii. Shiner Ammonia Indirect Effects Assessment 
Both the Topeka shiner and Arkansas River shiner are opportunistic omnivores frequently 
consuming aquatic insects, pelagic crustaceans, and plant matter. Aquatic life criteria are based 
on the fifth centile of sensitive genera to ensure the broad aquatic community, including 
emerging aquatic insects, are adequately protected. Aquatic insects ranked among the most 
tolerant taxa to acute ammonia exposures while chronic toxicity data with emerging aquatic 
insects were relatively limited; however, the only insect genus represented is the most tolerant 
genus to chronic ammonia exposures (Pteronarcella genus mean chronic value [GMCV] = 73.74 
mg/L, normalized to pH 7 and 20°C). Furthermore, USEPA (2013) states, “data available 
regarding the toxicity of ammonia to freshwater phytoplankton and vascular plants reported in 
the 1985 AWQC document indicate that aquatic plants appear to be two orders of magnitude 
less sensitive than the aquatic animals tested, it is assumed that any ammonia criterion 
appropriate for the protection of freshwater aquatic animals will also be protective of aquatic 
vegetation.” Shiner prey items are relatively insensitive to ammonia at magnitudes and exposure 
durations specified by the acute and chronic ammonia criteria. As a result, approval of the acute 
and chronic ammonia water quality standards is Not Likely to Adversely Affect (NLAA) the 
Topeka and Arkansas River shiner through indirect effects. Because the Topeka and Arkansas 
River shiner rely on a range of food resources, it is not likely Topeka and Arkansas River shiner 
would be indirectly affected by approval of the acute and chronic ammonia criteria even if a 
specific food resource was severely limited (which is not the intent of the action).  
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Table 5-8. Chronic EC20:EC5 ratios from analysis of five high-quality chronic ammonia toxicity tests with freshwater cyprinid fishes used to derive a 
chronic family taxonomic adjustment factor (TAF) for the Topeka and Arkansas River shiner. 


Family Species 
EC20 


(mg/L) 
EC05 


(mg/L) EC20:EC05 
C-R Curve 
Label Reference 


Species-level 
TAF 


(EC20:EC05) 


Genus-level 
TAF 


(EC20:EC05) 


Family-level 
TAF 


(EC20:EC05) 


Cyprinidae Common carp (fertilized), 
Cyprinus carpio 8.246 5.612 1.469 Am-Chronic-18 Mallet and Sims 


1994 1.469 1.469 


1.516 


Cyprinidae Fathead minnow (embryo-larvae), 
Pimephales promelas 4.656 3.361 1.385 Am-Chronic-19 Mayes et al. 1986 


1.565 1.565 
Cyprinidae Fathead minnow (embryo-larvae), 


Pimephales promelas 7.396 5.561 1.330 Am-Chronic-20 Adelman et al. 2009 


Cyprinidae Fathead minnow, 
Pimephales promelas 5.795 3.081 1.881 Am-Chronic-21 Swigert and Spacie 


1983 


Cyprinidae Fathead minnow, 
Pimephales promelas 1.903 1.099 1.732 Am-Chronic-22 Thurston et al. 1986 
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5.h. Neosho Madtom (Noturus placidus) 
5.h.i. Neosho Madtom Acute Ammonia Effects Assessment 


Identifying Neosho Madtom Acute Ammonia Data 
High-quality species-level acute toxicity data are unavailable for the Neosho madtom or other 
surrogate species within the Genus Noturus. Family-level acute toxicity data were, therefore, 
used to determine an acute toxicity value (i.e., LC50) of 142.4 mg/L (pH 7) representative of the 
Neosho madtom (Table 5-9). The Family Mean Acute Value (FMAV) is based on single GMAV 
for the Genus Ictalurus, which is represented by a single SMAV of 142.4 mg/L (normalized to 
pH 7) for channel catfish. The SMAV for Ictalurus punctatus is based on the geometric mean of 
20 definitive LC50 values ranging from 64.77 to 277.4 mg/L involving multiple fish sizes and 
ages.  
 
Table 5-9. Data used to calculate the FMAV representative of Neosho madtom acute sensitivity to ammonia. 


Family Species  
SMAV 
(mg/L)a 


GMAV 
(mg/L)a 


FMAV 
(mg/L)a 


Ictaluridae Neosho madtom, 
Noturus placidus N/A N/A 


142.4 
Ictaluridae Channel catfish, 


Ictalurus punctatus 142.4 142.4 
a Normalized to pH 7 (USEPA 2013). 
N/A: not available  


Deriving LC50 to LC5 Acute Adjustment Factor 
Raw acute toxicity data were unavailable for deriving an LC50:LC5 ratio for Neosho madtom, 
and because no other toxicity tests are available for the Genus Noturus, a genus-level TAF could 
not be calculated. As a result, EPA analyzed C-R data from the three acute toxicity tests with 
channel catfish that reported raw data to derive an acute Ictaluridae family-level TAF. Of these, 
two models did not exhibit a unique solution (inadequate partials). After exclusion of the two 
unacceptable LC50:LC5 ratios for use in calculating an acute Ictaluridae family-level TAF, a 
single ratio remained. The acute family-level TAF for fishes in the Family Ictaluridae 
(representative of Neosho madtom) is 1.485 (see Am-Acute-74 in Appendix F.1 [attached as a 
separate file: Appendix_F_Ammonia_C_R_Data] for the raw toxicity test data, TRAP model and 
output for the single acute ammonia toxicity test used to derive the acute Ictaluridae family-level 
TAF). 


Calculating Neosho Madtom Acute Ammonia Minimum Effect Threshold 
Dividing the estimated Neosho madtom LC50 value (142.4 mg/L) by the acute Ictaluridae family-
level TAF (1.485) results in an acute minimum effect threshold concentration of 95.89 mg/L 
(normalized to pH 7). 
 


Neosho Madtom: Acute Ammonia Effects Determination 
The acute ammonia CMC at pH 7 (17 mg/L), is 5.6 times lower than the Neosho madtom acute 
minimum effect threshold of 95.89 mg/L. The Neosho madtom acute minimum effect threshold 
concentration, based on continuous laboratory exposures, is greater than the corresponding 
criterion magnitude. As a result, refined assessment and consideration of the criterion duration is 
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not necessary and approval of the acute ammonia water quality standard is Not Likely to 
Adversely Affect (NLAA) the Neosho madtom through direct chronic effects. 
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5.h.ii. Neosho Madtom Chronic Ammonia Effects Assessment 
Identifying Neosho Madtom Chronic Ammonia Data 


High-quality species-level chronic toxicity data are not available for the Neosho madtom or other 
species within the Genus Noturus. Family-level surrogate chronic toxicity data were, therefore, 
used to determine an Ictaluridae chronic toxicity value (i.e., EC20) of 21.36 mg/L (pH 7) 
representative of the Neosho madtom (Table 5-10). The FMCV is based on chronic toxicity tests 
results reported for the channel catfish (Genus Ictalurus). The SMCV for channel catfish was 
calculated as the geometric mean of three EC20 values: two early-life stage tests and one juvenile 
test that ranged from 20.35 to 22.66 mg/L (Appendix D, USEPA 2013). The channel catfish test 
endpoints used for EC20 estimation were growth (measured as weight), biomass, and juvenile 
survival. 
 
Table 5-10. Data used to calculate the FMCV representative of Neosho madtom chronic sensitivity to 
ammonia. 
 


Family Species  
SMCV 
(mg/L)a 


GMCV 
(mg/L)a 


FMCV 
(mg/L)a 


Ictaluridae Neosho madtom, 
Noturus placidus N/A N/A 


21.36 
Ictaluridae Channel catfish, 


Ictalurus punctatus 21.36 21.36 


a Normalized to pH 7 (USEPA 2013). 
N/A: not available 
 


Deriving the EC20 to EC5 Chronic Adjustment Factor 
Raw chronic toxicity data were only available for one of the three early-life stage tests with 
channel catfish to calculate a chronic Ictaluridae family-level TAF representative of the Neosho 
madtom; however, the TRAP model poorly fitted low-level effects and likely underestimated the 
LC50:LC5 ratio (see Am-Chronic-24 in Appendix F.4; EC20:EC5 ratio = 1.207). The single 
Ictaluridae C-R model was, therefore, excluded from the analysis, leaving no C-R data within 
the Order Siluriformes. As a result, EPA obtained and analyzed raw C-R data for all tests used to 
derive the chronic criterion (USEPA 2013 Appendix D bold values) where such data were 
reported or could be obtained to derive a chronic vertebrate-level TAF and a chronic MAF, if 
necessary (i.e., if the vertebrate and invertebrate-level chronic TAFs do not differ from one 
another). 
 
Raw chronic toxicity data were fit to C-R models using EPA’s TRAP software to calculate EC20 
and corresponding EC5 values for 31 tests representing 20 species (10 invertebrate and 10 fish 
species). C-R models were excluded from TAF and MAF calculation if 1) models did not exhibit 
a unique solution and were flagged by TRAP as having inadequate partials; 2) models did not 
include observations in the region of interest which did not allow TRAP to accurately model a 
no-response plateau and; 3) models exhibited incongruities such as no or poor fit to key points 
(as was the case with the channel catfish TRAP model, see Am-Chronic-24) or excessive noise 
in the C-R relationship. After exclusion of unacceptable or uncertain EC20:EC5 ratios for use in 
calculating a chronic MAF, 20 ratios remained resulting in five genus-level EC20:EC5 ratios for 
invertebrate species (arithmetic mean = 1.341, variance = 0.01208) and seven genus-level 
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EC20:EC5 ratios for vertebrate species (arithmetic mean = 1.472, variance = 0.01326). Analysis 
of the two means via a two-sample t-test assuming unequal variances (α = 0.05) indicated that 
the means are the same (t stat [-2.004] < t critical for two tail [2.262]). As a result, the chronic 
MAF was used to transform the FMCV applicable to the Neosho madtom (21.36 mg/L) to a 
chronic minimum effect threshold concentration.  
Although the single Ictaluridae C-R model was excluded from the analysis, it can provide 
supportive insight into the appropriateness of the chronic MAF. For example, EPA noted the 
TRAP model (Am-Chronic-24 in Appendix F.4) poorly fitted low-level effects and 
underestimated the EC20:EC5 ratio (1.207), suggesting a slightly larger ratio is most appropriate 
for members of the Family Ictaluridae based on empirical observations. Accordingly, the chronic 
MAF of 1.412 is appropriate based on acceptable C-R data and supportive information from 
unacceptable/questionable C-R data (i.e., Am-Chronic-24). 
 


Calculating the Neosho madtom Chronic Ammonia Minimum Effect Threshold 
Dividing the estimated Neosho madtom EC20 value (21.36 mg/L; family-level surrogate) by the 
chronic MAF (1.412) results in a chronic minimum effect threshold concentration of 15.13 mg/L 
(normalized to pH 7) representative of the Neosho madtom. 
 


Neosho madtom: Chronic Ammonia Effect Determination 
The chronic ammonia CCC at pH 7 (1.9 mg/L), is eight times lower than the Neosho madtom 
chronic minimum effect threshold concentration of 15.13 mg/L. The Neosho madtom chronic 
minimum effect threshold concentration, based on continuous laboratory exposures, is greater 
than the corresponding criterion magnitude. As a result, approval of the chronic ammonia water 
quality standard is Not Likely to Adversely Affect (NLAA) the Neosho madtom through direct 
chronic effects. 
 


5.h.iii. Neosho Madtom Ammonia Indirect Effects Assessment 
The Neosho madtom feeds from dusk into night on aquatic insect larvae (USFWS 1997). 
Aquatic life criteria are based on the fifth centile of sensitive genera to ensure the broad aquatic 
community, including emerging aquatic insects, are adequately protected. Aquatic insects ranked 
among the most tolerant taxa to acute ammonia exposures (see Table 3 of USEPA 2013). For 
example, the most sensitive aquatic insect genera (Enallagma GMAV = 164 mg/L, normalized to 
pH 7 and 20°C) to acute ammonia exposure ranked in the 68th centile of sensitivity among all 
genera. Chronic toxicity data with emerging aquatic insects were relatively limited; however, the 
only chronic toxicity data with an insect genus represented is the most tolerant genus to chronic 
ammonia exposures (Pteronarcella genus mean chronic value [GMCV] = 73.74 mg/L, 
normalized to pH 7 and 20°C). Neosho madtom prey items are relatively insensitive to ammonia 
at magnitudes and exposure durations specified by the acute and chronic ammonia criteria. As a 
result, approval of the acute and chronic ammonia water quality standards is Not Likely to 
Adversely Affect (NLAA) the Neosho madtom through indirect effects. 
 


5.i. Neosho Mucket (Lampsilis rafinesqueana) 
5.i.i. Neosho Mucket Acute Ammonia Effects Assessment 
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Identifying Neosho Mucket Acute Ammonia Data 
High-quality species-level acute toxicity data are available for the Neosho mucket (see Appendix 
D of USEPA 2013). The SMAV for the species (69.97 mg TAN/L, normalized to pH 7 and 
20°C) is based on the geometric mean of three definitive LC50 values reported by Wang et al. 
(2007b). The normalized LC50 values range from a low of 56.55 mg TAN/L for the glochidia life 
stage (via a 24-hr test) to 70.31 and 86.17 mg TAN/L for <5 d old juveniles (via two different 
96-hr tests). The Neosho mucket SMAV is among the highest for the Genus Lampsilis, and 
indicates the possibility of greater tolerance of the species to ammonia compared to other tested 
mussels in the Genus Lampsilis. 
 


Deriving LC50 to LC5 Acute Adjustment Factor 
Raw toxicity data were available from all three acute toxicity tests used to calculate the Neosho 
mucket SMAV. EPA obtained and analyzed raw C-R data for the three tests, but two models 
(Am-Acute-15 and Am-Acute-17) did not exhibit a unique solution (inadequate partials) and 
could not be used. After exclusion of the two unacceptable LC50:LC5 ratios for use in calculating 
a species-level acute TAF, a single ratio remained. The acute species-level TAF for the Neosho 
mucket is 2.328 (see Am-Acute-16 in Appendix F.1 [attached as a separate file: 
Appendix_F_Ammonia_C_R_Data] for raw toxicity test data, TRAP model and output for the 
single acute ammonia toxicity test used to derive the acute species-level TAF for Neosho 
mucket). 
 


Calculating Neosho Mucket Acute Ammonia Minimum Effect Threshold 
Dividing the Neosho mucket SMAV (69.97 mg/L) by the Neosho mucket species-level acute 
TAF (2.328) results in an acute minimum effect threshold concentration of 30.06 mg/L 
(normalized to pH 7 and 20°C).  
 


Neosho Mucket: Acute Ammonia Effects Determination 
The acute ammonia CMC at pH 7 and 20°C (17 mg/L), is approximately 1.8 times lower than the 
Neosho mucket acute minimum effect threshold of 30.06 mg/L. The Neosho mucket acute 
minimum effect threshold concentration, based on continuous laboratory exposures, is greater 
than the corresponding criterion magnitude. As a result, refined assessment and consideration of 
the criterion duration and realistic exposure scenarios is not necessary and approval of the acute 
ammonia water quality standard is Not Likely to Adversely Affect (NLAA) the Neosho mucket 
through direct acute effects. 
 


5.i.ii. Neosho Mucket Chronic Ammonia Effects Assessment 
Identifying Neosho Mucket Chronic Ammonia Data 


High-quality species-level chronic toxicity data are not available for the Neosho mucket. Genus-
level chronic toxicity data were, therefore, used to determine a chronic toxicity value (i.e., EC20) 
of 2.126 mg/L (pH 7 and 20°C) representative of the Neosho mucket (Table 5-11). The 
Lampsilis GMCV is based on chronic toxicity test results reported for two different lampsilid 
species, the fatmucket and wavy-rayed lamp mussel. The test endpoints measured in each test 
was juvenile survival. The values used to calculate the Lampsilis GMCV were also used to 
derive the chronic ammonia criterion (bold values in Appendix D of USEPA [2013]) and have 
been normalized to a pH of 7 and water temperature of 20°C. 
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Table 5-11. Data used to calculate the GMCV representative of Neosho mucket chronic sensitivity to 
ammonia. 


Family Species  
SMCV 
(mg/L)a 


GMCV 
(mg/L)a 


Unionidae Neosho mucket, 
Lampsilis rafinesqueana N/A 


2.126 Unionidae Wavy-rayed lamp mussel, 
Lampsilis fasciola 1.408 


Unionidae Fatmucket, 
Lampsilis siliquoidea 3.211 


a Normalized to pH 7 and 20°C (USEPA 2013). 
N/A: not available. 
 


Deriving EC20 to EC5 Chronic Adjustment Factor 
EPA analyzed raw C-R data from the surrogate species used to calculate the Lampsilis GMCV 
representative of the Neosho mucket (no species-level C-R data available). These were the only 
two toxicity tests with members of the Genus Lampsilis used for ammonia chronic criteria 
derivation (bold values in Appendix D of USEPA 2013). Both models (Am-Chronic-1, Am-
Chronic-2) were not used because of poor model fit, which missed the initial decline in response 
at low effect concentrations. No other acceptable C-R data were available within the Order 
Unionoida, requiring the application of the chronic MAF (see previous analysis from Section 
2.1.2.2 and 2.3.2.2 for chronic MAF derivation). The chronic MAF, calculated as the geometric 
mean of all acceptable genus-level EC20:EC5 ratios, is 1.412 (see Appendix F.3 [attached as a 
separate file: Appendix_F_Ammonia_C_R_Data] for raw toxicity test data, TRAP models and 
outputs for the 20 chronic ammonia toxicity tests used to derive the chronic MAF).  
 


Calculating Neosho Mucket Chronic Ammonia Minimum Effect Threshold 
Dividing the estimated Neosho mucket EC20 value (2.126 mg/L; genus-level surrogate) by the 
chronic MAF (1.412) results in a chronic minimum effect threshold concentration of 1.506 mg/L 
(normalized to pH 7 and 20°C). 
 


Neosho Mucket: Chronic Ammonia Effects Determination 
The chronic ammonia CCC at pH 7 and 20°C (1.9 mg/L) is greater than the Neosho mucket 
chronic minimum effect threshold concentration of 1.506 mg/L, suggesting the ammonia CCC 
may not be protective of Neosho mucket under continuous exposure conditions. Due to the 
estimated Neosho mucket sensitivity to chronic ammonia exposure under continuous laboratory 
exposure, EPA further scrutinized the available chronic toxicity tests data used to support the 
chronic effects assessment for the Neosho mucket. Specifically, EPA considered the two less 
robust C-R models and relationships defined in the two 28-day juvenile chronic toxicity tests 
with wavy-rayed lamp mussel (L. fasciola) and fatmucket mussel (L. siliquoidea). These tests 
were used to calculate the GMCV (the tests used to calculate the genus-level surrogate value), 
but not used to determine a chronic Lampsilis genus-level TAF due to poor model fit. 
The C-R data for the wavy-rayed lampmussel shows 100% control survival after 28 days, 
decreasing to 83, 77, 73, and 30% at the four lowest treatment levels before decreasing to 0% at 
the 1.98 mg/L treatment concentration (Table 5-12). The TRAP model fit (see Am-Chronic-1 in 
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Appendix F.4) adequately characterizes the falling limb of the C-R curve, but misses the initial 
decline observed in the lowest treatment level, which has 17% lower survival than the control. 
The poor model fit in the lower concentration range increases the uncertainty in the EC20:EC5 
ratio for this test (1.590) by over estimating the EC5. The EC20:EC5 ratio for this test is likely to 
be greater than the TRAP estimated ratio 1.590. 
 
The C-R data for the fatmucket shows 95% control survival after 28 days, increasing to 96% and 
then decreasing again to 95, 82, and 75% at the next four treatment levels before decreasing to 
0% at the 2.02 mg/L treatment concentration (Table 5-12). The TRAP model fit (see Am-
Chronic-2 in Appendix F.4) also appears to adequately characterize the falling limb of the C-R 
curve by transecting the observed survival at the fourth treatment (0.88 mg TAN/L), but also 
misses the initial 13% decline observed in the third lowest treatment level (0.49 mg TAN/L). The 
poor model fit in the lower concentration range increases the uncertainty in the EC20:EC5 ratio 
for this test (1.208) by over estimating the EC5. The EC20:EC5 ratio for this test is likely greater 
than the TRAP estimated ratio 1.208. 
 
Dividing the estimated Neosho mucket EC20 value (2.126 mg/L; genus-level surrogate) by the 
chronic Lampsilis genus-level TAF (1.386; geometric mean of 1.590 and 1.208) results in a 
chronic minimum effect threshold concentration of 1.534 mg/L (normalized to pH 7 and 20°C). 
This value is similar to the chronic minimum effect threshold concentration of 1.506 mg/L 
calculated using the chronic MAF, but given the chronic Lampsilis genus-level TAF is likely 
greater than 1.386, the chronic minimum effect threshold may be slightly lower than 1.534 mg/L.  
 
Table 5-12. Chronic raw data for 5-d old juvenile wavy-rayed lamp mussel (L. fasciola) and fatmucket (L. 
siliquoidea) 28-day ammonia toxicity tests used to derive EC20:EC5 adjustment factors (based on TRAP) 
representative of the Neosho mucket. 


Species 
Measured Total Ammonia Nitrogen 


(mg/L) Percent Survival (%) 
L. fasciola 0.04 (control) 100 
L. fasciola 0.13 83 
L. fasciola 0.34 77 
L. fasciola 0.44 73 
L. fasciola 1.02 30 
L. fasciola 1.98 0 
   
L. siliquoidea 0.06 (control) 95 
L. siliquoidea 0.16 96 
L. siliquoidea 0.26 95 
L. siliquoidea 0.49 82 
L. siliquoidea 0.88 75 
L. siliquoidea 2.02 0 


 
The estimated Neosho mucket chronic minimum effect threshold concentration contains some 
underlying uncertainty that stems largely from the lack of an appropriate EC20:EC5 ratio for the 
species, but some additional uncertainty also exists with the use of a genus-level surrogate 
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chronic value (i.e., genus-level EC20). For example, the acute data indicate the Neosho mucket is 
the least sensitive species (based on available data) within the Genus Lampsilis to acute ammonia 
exposures. SMAVs are available for six species within the Genus Lampsilis, with the Neosho 
mucket having the greatest (i.e., least sensitive) SMAV of 69.97 mg/L (normalized to pH 7 and 
20°C) while the five other SMAVs range from 26.03 - 55.42 mg/L (normalized to pH 7 and 
20°C; Appendix D of USEPA 2013). As a result, it is likely the chronic minimum effect 
threshold concentration for the Neosho mucket over estimates sensitivity to chronic ammonia 
exposures. 
 
Furthermore, it is highly unlikely the Neosho mucket will be exposed to ammonia in situ at the 
chronic criterion magnitude and duration because aquatic life criteria are conservatively 
implemented in NPDES permit limits by assuming receiving streams are continually at low-flow 
conditions which significantly limits the probability of in situ pollutant concentrations reaching 
criteria magnitudes and durations. NPDES permit limits based on the chronic ammonia criterion 
typically assume receiving streams are continually at 30Q10 or 30Q5 low-flow conditions (i.e., 
30-day average lowest flow over the course of a 5 or 10-year period). As a result, excess dilution 
limits instream ammonia concentrations and drastically decreases the probability in situ 
ammonia concentrations will reach criteria magnitudes and durations. Independent of assuming 
low flow conditions, NPDES permits also layer on an additional level of conservatism by 
ensuring facilities discharge ammonia at Long Term Average concentrations (LTAs), which are 
based on Waste Load Allocations3 (WLAs) set as the 99th centile of a log-normal distribution 
that describes effluent variability. Setting WLAs as the 99th centile of an effluent distribution 
ensures a 99% chance facilitates discharge ammonia at concentrations less than those that would 
cause receiving stream ammonia concentrations to reach criteria magnitudes under critical flow 
conditions (which are independent and also exceedingly rare events; USEPA 1991). 
Data limitations resulted in uncertainty that may have contributed to a conservative estimate of 
the Neosho mucket chronic minimum effect threshold, including: 1) more acutely-sensitive 
species within the genus, lampsilis, were used as surrogates to determine the GMCV, 
representative the less-acutely-sensitive Neosho mucket, and 2) a MAF was applied to the 
GMCV to generate the minimum effect threshold. Because the Neosho mucket chronic low 
effect is similar to the chronic criterion magnitude and the probability of the Neosho mucket 
being exposed to ammonia at the chronic criterion magnitude and duration is highly unlikely 
(e.g., 1% chance with receiving streams simultaneously being at low flow conditions) approval 
of the chronic ammonia water quality standard is Not Likely to Adversely Affect (NLAA) the 
Neosho mucket through direct acute effects. 
 


5.i.iii. Neosho Mucket Ammonia Indirect Effects Assessment 
The Neosho mucket filters phytoplankton and zooplankton from the water column as a primary 
food source, both of which are relatively insensitive to acute and chronic ammonia exposures. 
For example, USEPA (2013) states, plants (e.g., phytoplankton) were not used to derive the 
ammonia criteria because “plants are substantially less sensitive than animals.” Moreover, the 
most sensitive daphnid genus (i.e., Daphnia) represents the 50th and 87th centile of the acute and 
chronic species sensitivity distributions (SSD), respectively (USEPA 2013). Because criteria are 
implemented conservatively, based on the 5th centile of sensitive genera, and Neosho mucket 
food sources are insensitive to ammonia, EPA approval of Kansas acute and chronic ammonia 
standards is Not Likely to Adversely Affect (NLAA) the Neosho mucket through indirect effects. 
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5.j. Rabbitsfoot Mussel (Theliderma cylindrica) 
5.j.i. Rabbitsfoot Mussel Acute Ammonia Effects Assessment 


Identifying Rabbitsfoot Mussel Acute Ammonia Data 
High-quality acute toxicity data are unavailable for the rabbitsfoot mussel or other members 
within the Genus Theliderma. Family-level acute toxicity data were, therefore, used to determine 
a family-level surrogate acute toxicity value (i.e., LC50) of 43.44 mg/L (pH 7 and 20°C) 
representative of the rabbitsfoot mussel (Table 5-13). The Unionidae Family Mean Acute Value 
(FMAV) is based on acute test results from 66 tests with nineteen different species, across 
thirteen genera. The thirteen GMAVs used to derive the FMAV were obtained from Appendix D 
of the 2013 freshwater ammonia 304(a) aquatic life criteria document and from one additional 
study (Wang et al. 20171) published after the 304(a) aquatic life criteria document was finalized. 
Values have been normalized to a pH of 7 and water temperature of 20°C, consistent with the 
2013 acute ammonia criterion.  
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Table 5-13. Data used to calculate the FMAV representative of rabbitsfoot mussel acute sensitivity to 
ammonia. 


Family Species  
SMAV 
(mg/L)a 


GMAV 
(mg/L)a 


FMAV 
(mg/L)a 


Unionidae Rabbitsfoot mussel, 
Theliderma cylindrica N/A N/A 


43.44 


Unionidae Mucket, 
Actinonaias ligamentina 63.89 


71.25 
Unionidae Pheasant shell, 


Actinonaias pectorosa 79.46 


Unionidae Dwarf wedge mussel, 
Alasmidonta heterodon >109.0 >109.0 


Unionidae Threeridge, 
Amblema plecata 14.72 14.72 


Unionidae Oyster mussel, 
Epioblasma capsaeformis 31.14 31.14 


Unionidae Atlantic pigtoe, 
Fusconaia masoni 47.40 47.40 


Unionidae Pink mucket, 
Lampsilis abrupta 26.03 


46.63 


Unionidae Plain pocketbook, 
Lampsilis cardium  50.51 


Unionidae Wavy-rayed lamp mussel, 
Lampsilis fasciola 48.11 


Unionidae Higgin’s eye, 
Lampsilis higginsii 41.90 


Unionidae Fatmucket, 
Lampsilis siliquoidea 55.42 


Unionidae Neosho mucket 
Lampsilis rafinesqueana 69.97 


Unionidae Green floater, 
Lasmigona subviridis 23.41 23.41 


Unionidae Washboard, 
Megalonaias nervosa 41.21 41.21 


Unionidae Pink papershell, 
Potamilus ohiensis >109.0 >109.0 


Unionidae Giant Floater, 
Pyganodon grandis 70.73 70.73 


Unionidae Pondshell mussel, 
Utterbackia imbecillis 42.39 42.39 


Unionidae Ellipse, 
Venustaconcha ellipsiformis 23.12 23.12 


Unionidae Rainbow mussel, 
Villosa iris 34.23 34.23 


a Normalized to pH 7 and 20°C (USEPA 2013). N/A: not available. 
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Deriving LC50 to LC5 Acute Adjustment Factor 
No raw toxicity data are available to support the derivation of an LC50:LC5 adjustment factor 
within the Genus Theliderma. As a result, EPA obtained and analyzed raw C-R data for 45 tests 
with closely-related surrogate species (i.e., freshwater mussels within the Family Unionidae 
where raw data were reported) to derive an acute family-level TAF.  
 
Raw acute toxicity data were fit to C-R models using EPA’s TRAP software to calculate LC50 
and corresponding LC5 values for the 45 tests with freshwater unionid mussels. Models were 
excluded if they did not exhibit a unique solution (inadequate partials), did not include 
observations in the region of interest (limiting accuracy in modeling a no-response plateau), or 
exhibited incongruities such as no or poor fit to key points or excessive noise in the empirical 
data themselves. After excluding unacceptable/questionable LC50:LC5 ratios, 22 ratios remained 
resulting in six genus-level LC50:LC5 ratios to calculate an acute Unionidae family-level TAF 
representative of the rabbitsfoot mussel (Unionidae family-level TAF = 2.441; Table 5-14; see 
Appendix F.1 [attached as a separate file: Appendix_F_Ammonia_C_R_Data] for raw toxicity 
data, TRAP models and outputs for the 22 acute ammonia toxicity tests used to derive the acute 
Unionidae family-level TAF; Appendix F.2 includes the raw toxicity data, TRAP models and 
output for the unacceptable and questionable ammonia toxicity tests excluded from the acute 
Unionidae family-level TAF). 
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Table 5-14. Acute LC50:LC5 ratios from analysis of 22 high-quality acute ammonia toxicity tests with freshwater unionid mussels used to derive an acute 
family taxonomic adjustment factor (TAF) for the rabbitsfoot mussel. 


Family Species 
LC50 


(mg/L) 
LC05 


(mg/L) 
LC50:
LC05 


C-R Curve 
Label Reference 


Species-level 
TAF 


LC50:LC05 


Genus-level 
TAF 


LC50:LC05 


Family-level 
TAF 


LC50:LC05 
Unionidae Mucket (glochidia), 


Actinonaias ligamentina 8.681 4.250 2.043 Am-Acute-2 Wang et al. 2007b 
2.258 2.258 


2.441 


Unionidae Mucket (glochidia), 
Actinonaias ligamentina 5.634 2.256 2.497 Am-Acute-3 Wang et al. 2007b 


Unionidae Oyster mussel (<5 d old juvenile), 
Epioblasma capsaeformis 5.657 3.651 1.549 Am-Acute-6 Wang et al. 2007b 


2.110 2.110 Unionidae Oyster mussel (glochidia), 
Epioblasma capsaeformis 6.165 2.992 2.060 Am-Acute-7 Wang et al. 2007b 


Unionidae Oyster mussel (glochidia), 
Epioblasma capsaeformis 3.215 1.092 2.944 Am-Acute-8 Wang et al. 2007b 


Unionidae Pink mucket (2 mo old juvenile), 
Lampsilis abrupta 2.559 1.518 1.687 Am-Acute-10 Wang et al. 2007a 1.687 


2.102 


Unionidae Wavy-rayed lampmussel (<5 d old juvenile), 
Lampsilis fasciola 7.896 2.476 3.189 Am-Acute-12 Wang et al. 2007b 


2.725 Unionidae Wavy-rayed lampmussel (glochidia), 
Lampsilis fasciola 8.435 3.786 2.228 Am-Acute-13 Wang et al. 2007b 


Unionidae Wavy-rayed lampmussel (glochidia), 
Lampsilis fasciola 6.133 2.153 2.849 Am-Acute-14 Wang et al. 2007b 


Unionidae Neosho mucket (<5 d old juvenile), 
Lampsilis rafinesqueana 11.26 4.835 2.328 Am-Acute-16 Wang et al. 2007b 2.328 


Unionidae Fatmucket (2 mo old juvenile), 
Lampsilis siliquoidea 3.959 2.010 1.970 Am-Acute-21 Wang et al. 2007a 


1.825 
Unionidae Fatmucket (7 d old juvenile), 


Lampsilis siliquoidea 10.75 5.677 1.894 Am-Acute-22 Wang et al. 2008 


Unionidae Fatmucket (7 d old juvenile), 
Lampsilis siliquoidea 12.01 8.766 1.370 Am-Acute-27 Wang et al. 2008 


Unionidae Fatmucket (glochidia), 
Lampsilis siliquoidea 7.537 3.469 2.173 Am-Acute-32 Wang et al. 2007b 


Unionidae Washboard, 
Megalonaias nervosa 5.420 1.566 3.461 Am-Acute-35 Wang et al. 2017 3.461 3.461 


Unionidae Ellipse (glochidia), 
Venustaconcha ellipsiformis 5.360 1.899 2.822 Am-Acute-40 Wang et al. 2007b 2.822 2.822 


Unionidae Rainbow mussel (2 mo old juvenile), 
Villosa iris 3.213 2.284 1.407 Am-Acute-41 Wang et al. 2007b 


2.162 2.162 Unionidae Rainbow mussel (2 mo old juvenile), 
Villosa iris 11.14 3.992 2.789 Am-Acute-42 Wang et al. 2007b 


Unionidae Rainbow mussel (5 d old juvenile), 
Villosa iris 16.04 6.391 2.509 Am-Acute-43 Scheller 1997 
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Family Species 
LC50 


(mg/L) 
LC05 


(mg/L) 
LC50:
LC05 


C-R Curve 
Label Reference 


Species-level 
TAF 


LC50:LC05 


Genus-level 
TAF 


LC50:LC05 


Family-level 
TAF 


LC50:LC05 
Unionidae Rainbow mussel (<5 d old juvenile), 


Villosa iris 6.337 3.340 1.897 Am-Acute-44 Wang et al. 2007b 


Unionidae Rainbow mussel (<3 d old juvenile), 
Villosa iris 8.380 2.340 3.581 Am-Acute-46 Scheller 1997 


Unionidae Rainbow mussel (2 h old glochidia), 
Villosa iris 11.80 7.727 1.527 Am-Acute-48 Wang et al. 2007b 


 
 







 
 


Calculating Rabbitsfoot Mussel Acute Ammonia Minimum Effect Threshold 
Dividing the estimated Unionidae FMAV (43.44 mg/L) by the acute Unionidae family-level TAF 
(2.441) results in an acute minimum effect threshold concentration of 17.80 mg/L (normalized to pH 7 
and 20°C) that is representative of the rabbitsfoot mussel. 
 


Rabbitsfoot mussel: Acute Ammonia Effects Determination 
The acute ammonia CMC at pH 7 and 20°C (17 mg/L), is lower than the rabbitsfoot mussel acute 
minimum effect threshold of 17.80 mg/L, indicating refined assessment and consideration of the 
criterion duration and realistic exposure potential is not necessary and approval of the acute ammonia 
water quality standard is Not Likely to Adversely Affect (NLAA) the rabbitsfoot mussel through direct 
acute effects. 
 


5.j.ii. Rabbitsfoot Mussel Chronic Ammonia Effects Assessment 
Identifying Rabbitsfoot Mussel Chronic Ammonia Data 


Chronic toxicity data are not available for the rabbitsfoot mussel or other members of the Genus 
Theliderma. Family-level chronic toxicity data were, therefore, used to determine a Unionidae chronic 
toxicity value (i.e., EC20) of 2.728 mg/L (pH 7 and 20°C) representative of the rabbitsfoot (Table 5-15). 
The FMCV is based on chronic toxicity test results reported for three different species, the fatmucket 
mussel (Genus Lampsilis), wavy-rayed lamp mussel (Genus Lampsilis), and the rainbow mussel (Genus 
Villosa). The test endpoints used for EC20 estimation for each test was juvenile survival. The three 
SMCVs and two GMCVs used to derive the FMCV were obtained from Appendix D of the 2013 
freshwater ammonia 304(a) aquatic life criteria document and have been normalized to a pH of 7 and 
water temperature of 20°C, consistent with the 2013 chronic ammonia criterion.  
 
Table 5-15. Data used to calculate the FMCV representative of rabbitsfoot mussel chronic sensitivity to ammonia. 


Family Species  
SMCV 
(mg/L)a 


GMCV 
(mg/L)a 


FMCV 
(mg/L)a 


Unionidae Rabbitsfoot mussel, 
Theliderma cylindrica N/A N/A 


2.728 
Unionidae Wavy-rayed lamp mussel, 


Lampsilis fasciola 1.408 
2.126 


Unionidae Fatmucket, 
Lampsilis siliquoidea 3.211 


Unionidae Rainbow mussel, 
Villosa iris 3.501 3.501 


a Normalized to pH 7 and 20°C (USEPA 2013). 
N/A: not available. 
 


Deriving EC20 to EC5 Chronic Adjustment Factor 
Chronic C-R data are not available for the rabbitsfoot mussel or other members of the Genus Theliderma 
to support the derivation of an EC20:EC5 adjustment factor within the Genus Theliderma. EPA analyzed 
raw C-R data for the same three tests with family-level surrogate species used to calculate the FMCV for 
the rabbitsfoot mussel, which were the only three chronic toxicity tests with members of the Family 
Unionidae used to derive the chronic ammonia criterion (bold values of Appendix D in USEPA 2013). 
All three TRAP models, however, were determined to be unacceptable or questionable. Both C-R 
models for members of the Genus Lampsilis (Am-Chronic-1, Am-Chronic-2) were not used because of 
poor model fit, which missed the initial decline in response at low effect concentrations. The rainbow 
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mussel TRAP model (Am-Chronic-3) was considered questionable/unacceptable because it did not 
exhibit a unique solution (inadequate partials). No other acceptable C-R data were available within the 
Order Unionoida, requiring the application of the chronic MAF (see previous analysis from Section 
2.1.2.2 and 2.3.2.2 for chronic MAF derivation). The chronic MAF, calculated as the geometric mean of 
all acceptable genus-level EC20:EC5 ratios, is 1.412 (see Appendix F.3 [attached as a separate file: 
Appendix_F_Ammonia_C_R_Data] for raw toxicity test data, TRAP models and outputs for the 20 
chronic ammonia toxicity tests used to derive the chronic MAF). 
 
The family-level TAF of the three unacceptable/questionable models for unionid mussels in the Family 
Unionidae is 1.285, which likely underestimates the EC20:EC5 ratio by over estimating the EC5 values in 
the two Lampsilis (Am-Chronic-1, Am-Chronic-2) C-R models. Thus, the use of the chronic MAF of 
1.412 to calculate the chronic minimum effect threshold for rabbitsfoot is a reasonable approach. 
 


Calculating Rabbitsfoot Mussel Chronic Ammonia Minimum Effect Threshold 
Dividing the estimated rabbitsfoot mussel EC20 value (2.728 mg/L; family-level surrogate) by the 
chronic MAF (1.412) results in a chronic minimum effect threshold concentration of 1.932 mg/L 
(normalized to pH 7 and 20°C) that is representative of the rabbitsfoot mussel.  
 


Rabbitsfoot Mussel: Chronic Ammonia Effects Determination 
The chronic ammonia CCC at pH 7 and 20°C (1.9 mg/L) is the same as the rabbitsfoot mussel chronic 
minimum effect threshold concentration of 1.932 mg/L based on continuous laboratory exposure, when 
rounded to two significant figures. It is unlikely rabbitsfoot mussels will be exposed to ammonia in situ 
at the chronic criterion magnitude and duration because aquatic life criteria are conservatively 
implemented in NPDES permit limits by assuming receiving streams are continually at low-flow 
conditions and by setting WLAs as the 99th centile of an effluent distribution (USEPA 1991; see Section 
2.4.2.4). Approval of the chronic ammonia water quality standard is Not Likely to Adversely Affect 
(NLAA) the rabbitsfoot mussel through direct chronic effects.  
 


5.j.iii. Rabbitsfoot Mussel Ammonia Indirect Effects Assessment 
The rabbitsfoot mussel filters phytoplankton and zooplankton from the water column as a primary food 
source, both of which are relatively insensitive to acute and chronic ammonia exposures. For example, 
USEPA (2013) states, plants (e.g., phytoplankton) were not used to derive the ammonia criteria because 
“plants are substantially less sensitive than animals.” Moreover, the most sensitive daphnid genus (i.e., 
Daphnia) represents the 50th and 87th centile of the acute and chronic species sensitivity distributions 
(SSD), respectively (USEPA 2013). Because criteria are implemented conservatively, based on the 5th 
centile of sensitive genera, and rabbitsfoot mussel food sources are insensitive to ammonia, EPA 
approval of Kansas acute and chronic ammonia standards is Not Likely to Adversely Affect (NLAA) the 
rabbitsfoot mussel through indirect effects. 
 


5.k. Spectaclecase Mussel (Cumberlandia monodonta) 
5.k.i. Spectaclecase Mussel Acute Ammonia Effects Assessment 


Identifying Spectaclecase Mussel Acute Ammonia Data 
High-quality acute toxicity data are unavailable for the spectaclecase mussel or other members of the 
Genus Cumberlandia. Family-level acute toxicity data were, therefore, used to determine an acute 
toxicity value (i.e., LC50) of 61.23 mg/L (pH 7 and 20°C) representative of the spectaclecase mussel. 
The Margaritiferidae FMAV is based on single GMAV for Genus Margaritifera, which is represented 
by the western pearlshell (Margaritifera falcata) SMAV (61.23 mg/L; normalized to pH 7 and 20°C). 
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The western pearlshell SMAV is based on a definitive LC50 value reported by Wang et al. (2017). This 
test was not included in EPA’s 304(a) Aquatic Life Criteria for ammonia (USEP 2013) due to its later 
publication date; however, it meets the data quality objectives for deriving criteria as specified in the 
1985 Guidelines (Stephan et al. 1985).  
 


Deriving LC50 to LC5 Acute Adjustment Factor 
Acute C-R data were not available for the spectaclecase mussel or other members of the Genus 
Cumberlandia. EPA obtained and analyzed all available high-quality raw C-R data from members of the 
Family Margaritiferidae, which consisted of the single test with the western pearlshell (Wang et al. 
2017), to derive an acute Margaritiferidae family-level TAF (see Am-Acute-34 in Appendix F.1 for raw 
toxicity test data, TRAP model and output for the test). The raw acute toxicity data from this test was fit 
to a C-R model using EPA’s TRAP software to calculate an LC50 and corresponding LC5 value for the 
test. The acute Margaritiferidae family-level TAF based on the test with western pearlshell is 1.576. 
 
Calculating Spectaclecase Mussel Acute Ammonia Minimum Effect Threshold 
Dividing the estimated spectaclecase mussel FMAV (61.23 mg/L) by the acute Margaritiferidae family-
level TAF (1.576) results in an acute minimum effect threshold concentration of 38.85 mg/L 
(normalized to pH 7 and 20°C) that is representative of the spectaclecase mussel. 
 


Spectaclecase Mussel: Acute Ammonia Effects Determination 
The acute ammonia CMC at pH 7 and 20°C (17 mg/L) is 2.3 times lower than the spectaclecase acute 
minimum effect threshold concentration of 38.85 mg/L. The spectaclecase mussel acute minimum effect 
threshold concentration, based on continuous laboratory exposures, is greater than the corresponding 
criterion magnitude. As a result, refined assessment and consideration of the criterion duration and 
realistic exposure potential is not necessary and approval of the acute ammonia water quality standard is 
Not Likely to Adversely Affect (NLAA) the spectaclecase mussel through direct acute effects. 
 


5.k.ii. Spectaclecase Mussel Chronic Ammonia Effects Assessment 
Identifying Spectaclecase Mussel Chronic Ammonia Data 


Chronic toxicity data are not available for the spectaclecase mussel or any other members within the 
Family Margaritiferidae. Order-level chronic toxicity data were used to determine a chronic toxicity 
value (i.e., EC20) of 2.728 mg/L (pH 7 and 20°C) representative of the spectaclecase mussel (Table 5-
16). The Unionoida Order Mean Chronic Value (OMCV) is based on two GMCVs derived from chronic 
toxicity tests results reported for three species, the wavy-rayed lamp mussel, the fatmucket, and the 
rainbow mussel. The test endpoint used for EC20 estimation for all three tests was 28-day juvenile 
survival. EC20 values were obtained from Appendix D of the 2013 freshwater ammonia 304(a) aquatic 
life criteria document and have been normalized to a pH of 7 and water temperature of 20°C, consistent 
with the 2013 chronic ammonia criterion. 
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Table 5-16. Data used to calculate the OMCV representative of spectaclecase mussel chronic sensitivity to ammonia 


Order Family Species 
GMCV 
(mg/L)a 


FMCV 
(mg/L)a 


OMCV 
(mg/L)a 


Unionoida Margaritiferidae Spectaclecase mussel, 
Cumberlandia monodonta N/A N/A 


2.728 
Unionoida Unionidae Wavy-rayed lamp mussel, 


Lampsilis fasciola 2.126 
2.728 Unionoida Unionidae Fatmucket, 


Lampsilis siliquoidea 


Unionoida Unionidae Rainbow mussel, 
Villosa iris 3.501 


a Normalized to pH 7 and 20°C (USEPA 2013). 
N/A: not available. 
 


Deriving the EC20 to EC5 Chronic Adjustment Factor 
Chronic C-R data are not available for the spectaclecase mussel or any other members within the Family 
Margaritiferidae to support the derivation of an EC20:EC5 adjustment factor within the Family 
Margaritiferidae. EPA analyzed raw C-R data for the same three tests with order-level surrogate species 
used to calculate the OMCV for the spectaclecase mussel, which were the only three chronic toxicity 
tests with members of the Order Unionoida used to derive the chronic ammonia criterion (bold values of 
Appendix D in USEPA 2013). All three TRAP models, however, were determined to be unacceptable or 
questionable. Both C-R models for members of the Genus Lampsilis (Am-Chronic-1, Am-Chronic-2) 
were not used because of poor model fit, which missed the initial decline in response at low effect 
concentrations. The rainbow mussel TRAP model (Am-Chronic-3) was considered 
questionable/unacceptable because it did not exhibit a unique solution (inadequate partials). No other 
acceptable C-R data were available within the Order Unionoida, requiring the application of the chronic 
MAF (see previous analysis from Section 2.1.2.2 and 2.3.2.2 for chronic MAF derivation). The chronic 
MAF, calculated as the geometric mean of all acceptable genus-level EC20:EC5 ratios, is 1.412 (see 
Appendix F.3 [attached as a separate file: Appendix_F_Ammonia_C_R_Data] for raw toxicity test data, 
TRAP models and outputs for the 20 chronic ammonia toxicity tests used to derive the chronic MAF). 
The family-level TAF of the three unacceptable/questionable models for unionid mussels in the Order 
Unionoida is 1.285, which likely underestimates the EC20:EC5 ratio by over estimating the EC5 values in 
the two Lampsilis (Am-Chronic-1, Am-Chronic-2) C-R models. Thus, the use of the chronic MAF of 
1.412 to calculate the chronic minimum effect threshold for the spectaclecase mussel is a reasonable 
approach. 
 


Calculating the Spectaclecase Mussel Chronic Ammonia Minimum Effect Threshold 
Dividing the estimated spectaclecase mussel EC20 value (2.728 mg/L; order-level surrogate) by the 
chronic MAF (1.412) results in a chronic minimum effect threshold concentration of 1.932 mg/L 
(normalized to pH 7 and 20°C) that is representative of the spectaclecase mussel. 
 


Spectaclecase Mussel: Chronic Ammonia Effect Determination 
The chronic ammonia CCC at pH 7 (1.9 mg/L), is the same as the spectaclecase mussel chronic 
minimum effect threshold concentration of 1.932 mg/L based on continuous laboratory exposures, when 
rounded to two significant figures. It is unlikely spectaclecase mussels will be exposed to ammonia in 
situ at the chronic criterion magnitude and duration because aquatic life criteria are conservatively 
implemented in NPDES permit limits by assuming receiving streams are continually at low-flow 
conditions and by setting WLAs as the 99th centile of an effluent distribution (USEPA 1991; see Section 
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2.4.2.4). Approval of the chronic ammonia water quality standard is Not Likely to Adversely Affect 
(NLAA) the spectaclecase mussel through direct chronic effects. 
 


5.k.iii. Spectaclecase Mussel Ammonia Indirect Effects Assessment 
The spectaclecase mussel filters phytoplankton and zooplankton from the water column as a primary 
food source, both of which are relatively insensitive to acute and chronic ammonia exposures. For 
example, USEPA (2013) states, plants (e.g., phytoplankton) were not used to derive the ammonia 
criteria because “plants are substantially less sensitive than animals.” Moreover, the most sensitive 
daphnid genus (i.e., Daphnia) represents the 50th and 87th centile of the acute and chronic species 
sensitivity distributions (SSD), respectively (USEPA 2013). Because criteria are implemented 
conservatively, based on the 5th centile of sensitive genera, and spectaclecase mussel food sources are 
insensitive to ammonia, EPA approval of Kansas acute and chronic ammonia standards is Not Likely to 
Adversely Affect (NLAA) the spectaclecase mussel through indirect effects. 
 


5.l. Bats: Northern Long-Eared Bat (Myotis septentrionalis) and Gray Bat 
(Myotis grisescens) 


5.l.i. Bats Ammonia Indirect Effects Assessment 
The northern long-eared bat and gray bat will not be meaningfully exposed to ammonia through direct or 
dietary exposure. As a result, EPA’s approval action will have no effect on these listed bat species 
directly. The northern long-eared bat and the gray bat feed on butterflies, moths, flies, leafhoppers, 
beetles, and emerging aquatic insects (USFWS 2015a). Listed bats in Kansas may be indirectly affected 
if ammonia, at water column concentrations specified by the acute or chronic criteria magnitude and 
duration, were to adversely affect a large portion of emergent aquatic insects. However, aquatic life 
criteria are based on the fifth centile of sensitive genera to ensure the broad aquatic community, 
including emerging aquatic insects, are adequately protected. Aquatic insects ranked among the most 
tolerant taxa to acute ammonia exposures (Table 5-17). Chronic toxicity data with emerging aquatic 
insects were relatively limited; however, the only available chronic insect toxicity data represented the 
most tolerant genus to chronic ammonia exposures (Pteronarcella genus mean chronic value [GMCV] = 
73.74 mg/L, normalized to pH 7 and 20°C). 
 
In addition to emerging aquatic insects, the northern long-eared bat and the gray bat also rely heavily on 
terrestrial insects as a primary food source. Because criteria are implemented conservatively, derived to 
protect the broad aquatic community, and bat prey items are insensitive to ammonia or terrestrial-based 
organisms, EPA approval of Kansas acute and chronic ammonia standards is Not Likely to Adversely 
Affect (NLAA) the northern long-eared bat and the gray bat through indirect effects.  
 
Table 5-17. Acute insect toxicity data used to derive the acute ammonia criterion. Note, 69 GMAVs were available to 
derive the acute criterion, with insects ranking among the least sensitive taxa.  


Genus Genus Mean Acute Value (mg/L)a  Genus Rank in SSD 
Erythromma (insect) 2,515 69 
Philarctus (caddisfly) 994.5 68 
Stenelmis (beetle) 735.9 67 
Chironomus (midge) 681.8 65 
Drunella (mayfly) 442.4 64 
Callibaetis (mayfly) 246.5 60 
Pachydiplax (dragonfly) 233.0 59 
Skwala (stonefly) 192.4 52 
Enallagma (damselfly) 164.0 47 
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a Normalized to pH 7 and 20°C. 
 


5.m. Least Tern (Sternula antillarum) 
5.m.i. Least Tern Ammonia Indirect Effects Assessment 


The least tern will not be meaningfully exposed to ammonia through direct or dietary exposure. As a 
result, EPA’s approval action will have no effect on the least tern directly. However, the least tern relies 
on freshwater fishes as primary dietary resource and may be indirectly affected if ammonia, at water 
column concentrations specified by the ammonia criteria magnitudes and durations, were to adversely 
affect a large portion of the small freshwater fishes the least tern relies on as a dietary resource. The least 
tern broadly feeds on small fishes in the Family Cyprinidae as well as small sunfish species (Genus 
Lepomis; USFWS 2008). No members of the Family Cyprinidae were among the most sensitive genera 
used to derive the acute criterion magnitude (Table 5-18), with the Lepomis GMAV (GMAV = 106.9 
mg/L normalized to pH 7 and 20°C; genus rank in SSD = 27) also indicating sunfish are relatively 
tolerant to acute ammonia exposures.  
 
Table 5-18. Acute toxicity data for members of the Family Cyprinidae used to derive the acute ammonia criterion. 
Note, 69 GMAVs were available to derive the acute criterion.  


Genus Genus Mean Acute Value (mg/L)a  Genus Rank in SSD 
Pimephales 159.2 45 
Campostoma 115.9 31 
Cyprinella 110.0 30 
Cyprinus 106.3 26 
Notropis 96.72 24 
Hybognathus 72.55 17 
Notemigonus 63.02 11 


a Normalized to pH 7. 
 
Similar to acute data, no members of the Family Cyprinidae ranked among the four most sensitive 
genera to chronic ammonia exposures (see Table 4 of USEPA 2013); however, Lepomis (GMCV = 
6.920 mg/L normalized to pH 7 and 20°C; n = 2) was the third most sensitive genus to chronic ammonia 
exposures. Though, dividing the Lepomis GMCV by a chronic TAF based on the EC20:EC5 ratio from 
the only acceptable chronic C-R curve within the genus Lepomis (Am-Chronic-27; Lepomis chronic 
TAF = 1.323) results in a Lepomis chronic minimum effect threshold of 5.23 mg/L (normalized to pH 7 
and 20°C), indicating the chronic ammonia criteria (CCC = 1.9 mg/L at pH 7 and 20°C) adequately 
protects members of the genus of Lepomis. Moreover, chronic effects toward a large portion of Lepomis 
species (which is not the anticipated effect of action) would translate minimally to piscivorous birds 
given the availability of alterative food resources (e.g., Cyprinid fishes). Because criteria are 
implemented conservatively, derived to protect the broad aquatic community, and least tern prey items 
are insensitive to ammonia, EPA approval of the Kansas acute and chronic ammonia standards is Not 
Likely to Adversely Affect (NLAA) the least tern through indirect effects. 
 


5.n. Piping Plover (Charadrius melodus) 
5.n.i. Piping Plover Ammonia Indirect Effects Assessment 


The piping plover will not be meaningfully exposed to ammonia through direct or dietary exposure. As a 
result, EPA’s approval action will have no direct effect on the piping plover. However, the piping plover 
relies on freshwater invertebrates as portion of its prey base and may be indirectly affected if ammonia, 
at water column concentrations specified by the acute and chronic criteria magnitudes and durations, 
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were to adversely affect a large portion of freshwater invertebrates. The piping plover broadly feeds on 
invertebrates including snails, mussels, beetles (Coleoptera), flies (Diptera), and crustaceans (USFWS 
2003). Emerging aquatic insects are not among the most sensitive genera to acute and chronic prey items 
(Table 5-17); however, the acute and chronic ammonia criteria are both primarily based on mussel 
sensitivity. Effects to sensitive mussel populations, however, would translate minimally to the piping 
plover because piping plovers do not rely exclusively on sensitive mussel species as a food source, with 
additional food sources (e.g., insects, benthic worms, and insensitive mussel populations) remaining 
tolerant to ammonia exposures (USEPA 2013). As a result, EPA approval of Kansas acute and chronic 
ammonia standards is Not Likely to Adversely Affect (NLAA) piping plover through indirect effects.  
 


5.o. Whooping Crane (Grus americana) 
5.o.i. Whooping Crane Ammonia Indirect Effects Assessment 


The whooping crane will not be meaningfully exposed to ammonia through direct or dietary exposure 
and EPA’s approval action will, therefore, have no direct effect on the whooping crane. However, when 
whooping cranes migrate between summer and wintering grounds, they often cross and rest in Kansas 
where they rely on terrestrial and aquatic-based food resources. FWS (2007) states, “Foods utilized 
during migration are poorly documented but include frogs, fish, plant tubers, crayfish, insects, and 
agricultural grains. The largest amount of time is spent feeding in harvested grain fields.” The acute and 
chronic ammonia criteria are both primarily based on mussel sensitivity, with whooping cranes food 
resources being comparatively tolerant to ammonia. Whooping crane prey items are not sensitive to 
ammonia at criteria magnitudes and durations, or are terrestrial-based food resources. As a result, EPA 
approval of Kansas acute and chronic ammonia standards is Not Likely to Adversely Affect (NLAA) 
whooping crane through indirect effects. 
 


5.p. Species: Final Effects Determinations  
Aquatic listed species in Kansas, including the pallid sturgeon, Topeka shiner Arkansas River shiner, 
Neosho madtom, rabbitsfoot mussel, and spectaclecase mussel are insensitive to acute and chronic 
freshwater ammonia exposures at the respective criteria magnitudes. The Neosho mucket is not acutely 
sensitive to ammonia at the acute criterion magnitude under conservative exposure conditions exposure 
conditions but may be sensitive to ammonia at the chronic criterion magnitude (as indicated by the 
Neosho mucket EC5 being slightly lower than the chronic criterion). However, given the potential 
sources of uncertainty (i.e., the chronic low effect threshold is based on genus-level surrogate species, 
while acute data indicate Neosho mucket may be more tolerant than other members of the Genus 
Lampsilis; C-R model uncertainty) and limited exposure potential (i.e., NPDES permits based on low 
flow assumptions; fast chemical breakdown of ammonia in situ), it is not likely the Neosho mucket will 
experience appreciable chronic effects in situ. Considering the direct acute and chronic effects, and/or 
indirect effects assessed for Kansas listed species, approval of the acute and chronic freshwater 
ammonia criteria as Kansas state water quality standards is Not Likely to Adversely Affect (NLAA) 
aquatic and aquatic-dependent listed species in Kansas (Table 3-1). 
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Table 5-19. Final effect determinations for aquatic and aquatic-dependent listed species occurring in Kansas that may 
be affected by the approval action. Final effects determinations for listed species were based on direct and/or indirect 
effects, depending on exposure potential.  


Species Final Effects Determination 
Pallid Sturgeon  
(Scaphirhynchus albus) 


NLAA  
(direct and indirect effects) 


Topeka Shiner 
(Notropis topeka) 


NLAA 
(direct and indirect effects) 


Arkansas River Shiner 
 (Notropis girardi) 


NLAA 
(direct and indirect effects) 


Neosho Madtom 
 (Noturus placidus) 


NLAA  
(direct and indirect effects) 


Neosho Mucket 
(Lampsilis rafinesqueana) 


NLAA 
(direct and indirect effects) 


Rabbitsfoot Mussel 
 (Theliderma cylindrica) 


NLAA 
(direct and indirect effects) 


Spectaclecase Mussel 
 (Cumberlandia monodonta) 


NLAA  
(direct and indirect effects) 


Northern Long-Eared Bat 


 (Myotis septentrionalis) 


NLAA 
(indirect effects only; direct effects = No Effect) 


Gray Bat 
 (Myotis grisescens) 


NLAA 
(indirect effects only; direct effects = No Effect) 


Least Tern 
 (Sternula antillarum) 


NLAA 
(indirect effects only; direct effects = No Effect) 


Piping Plover 
 (Charadrius melodus) 


NLAA 
(indirect effects only; direct effects = No Effect) 


Whooping Crane 
 (Grus americana) 


NLAA 
(indirect effects only; direct effects = No Effect) 


 
5.q. Critical Habitat: Effects Assessment and Final Critical Habitat Effects 
Determinations 


5.q.i. Arkansas River Shiner (Notropis Girardi) Critical Habitat 
Arkansas River shiner critical habitat Physical and Biological Features (PBFs, formally Primary 
Constituent Elements [PCEs]) include, “A natural, unregulated hydrologic regime; (2) A complex, 
braided channel with pool, riffle (shallow area in a streambed causing ripples), run, and backwater 
components; (3) A suitable unimpounded stretch of flowing water of sufficient length to allow hatching 
and development of the larvae; (4) Substrates of predominantly sand, with some patches of silt, gravel, 
and cobble; (5) Water quality characterized by low concentrations of contaminants and natural, daily 
and seasonally variable temperature, turbidity, conductivity, dissolved oxygen, and pH; (6) Suitable 
reaches of aquatic habitat, as defined by primary constituent elements 1 through 5 above, and adjacent 
riparian habitat sufficient to support an abundant terrestrial, semiaquatic, and aquatic invertebrate food 
base; and (7) Few or no predatory or competitive non-native fish species present” (USFWS 2005). 
Approval of the ammonia acute and chronic water quality criteria will limit ammonia concentrations in 
surface waters, protecting Arkansas River shiner and critical habitats (see assessment of direct effects) 
and will also protect the Arkansas River shiner food resources (see assessment of indirect effects). 
Remaining critical habitat features do not pertain to water quality criteria. Approval of the acute and 
chronic water quality criteria as Kansas state standards is Not Likely to Adversely Modify Arkansas 
River shiner critical habitat and is expected to aid in the conservation role of critical habitat. 
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5.q.ii. Mussel Critical Habitat: Neosho Mucket (Lampsilis rafinesqueana) and Rabbitsfoot 
Mussel (Theliderma cylindrical) 


Neosho mucket and rabbitsfoot mussel critical habitat Physical and Biological Features (PBFs, formally 
Primary Constituent Elements [PCEs]) were published under the same designation which outlines the 
same habitat requirements for both species (USFWS 2015b). Broadly, Neosho mucket and rabbitsfoot 
mussel habitat requirements include, “Geomorphically stable river channels; A hydrologic flow regime; 
Water and sediment quality (including…ammonia…); The presence and abundance (currently unknown) 
of fish hosts; and no competitive or predaceous invasive (nonnative) species” (USFWS 2015b). The 
Neosho mucket and rabbitsfoot mussel are not likely to be adversely affected through direct ammonia 
effects (see assessment of direct effects), ensuring the acute and chronic ammonia criteria will provide 
adequate water quality, protecting both the species and critical habitat. Furthermore, the acute and 
chronic ammonia criteria are expected to adequately protect mussel food resources and fish hosts, 
ensuring the Neosho mucket and rabbitsfoot mussel are also Not Likely To Be Adversely Affected 
through indirect ammonia effects (see assessment of indirect effects). As a result, approval of the acute 
and chronic water quality criteria as Kansas state standards is Not Likely to Adversely Modify Neosho 
mucket and rabbitsfoot mussel critical habitats and is expected to aid in the conservation role of critical 
habitat. 
 


5.q.iii Whooping Crane (Grus americana) Critical Habitat 
Whooping crane critical habitat Physical and Biological Features (PBFs, formally Primary Constituent 
Elements [PCEs]) include, “(1) Space for individual and population growth and for normal behavior: 
(2) Food, water, air, light, minerals, or other nutritional or physiological requirements: (3) Cover or 
shelter: (4) Sites for breeding, reproduction, or rearing of offspring: and generally, (5) Habitats that are 
protected from disturbances or are representative of the geographical distribution of listed species 
(USFWS 1978). The acute and chronic ammonia water quality criteria are protective of whooping crane 
food sources (see assessment of indirect effects) and remaining critical habitat features do not pertain to 
water quality criteria. As a result, approval of the acute and chronic water quality criteria as Kansas state 
standards is Not Likely to Adversely Modify whooping crane critical habitat and is expected to aid in 
the conservation role of critical habitat. 


Conclusion 
The EPA views the ammonia criteria revisions as beneficial to the conservation and protection of 
aquatic life, including listed species and their food sources in Kansas. The EPA recognizes the need to 
revise its decision if this consultation identifies situations where the criteria may not be adequately 
protective of listed species populations. If this should be the case, the EPA will coordinate with the U.S. 
Fish and Wildlife Service to determine a reasonable approach. 


   


6. ANALYSIS OF ACTION’S POTENTIAL TO AFFECT THREATENED AND 
ENDANGERED SPECIES 


 
Approval of Revised Ammonia Aquatic Life Criteria  
The Kansas aquatic life criteria for ammonia for the Aquatic life support use were revised and adopted 
to reflect the EPA’s CWA §304(a) criteria recommendations published in 2013.17 The EPA’s new 
criteria recommendations are based on additional information regarding the toxicity of ammonia to 
freshwater unionid mussels. Unionid mussels are much more sensitive to ammonia than the fish and 


                                                 
17 Aquatic Life Ambient Water Quality Criteria for Ammonia – Freshwater 2013, EPA 822-R-13-001. 
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invertebrates that were previously used to calculate the criteria. Freshwater unionid mussels are found 
statewide in Kansas; this is reflected in the Kansas adoption. pH and temperature tables associated with 
each of the acute and chronic criteria equations from EPA’s 2013 Ammonia document were adopted in 
their entirety by Kansas as part of this adoption. 
 
Kansas’ approach of focusing on protection of unionid mussels is appropriate considering the presence 
of these mussels across the state. Unionid mussel sensitivity to ammonia decreases when temperatures 
decrease, so when water temperatures fall below [15 deg. C/59 deg. F]. Salmonids in the genus 
Oncorhynchus become the most sensitive. Although the Kansas Department of Wildlife, Parks & 
Tourism stocks some state waters for recreational fishing, no self-sustaining populations of 
Oncorhynchus are present in the state, and the state manages its aquatic life protection for warm-water 
fish.  It is therefore appropriate for the state to use the Oncorhynchus species-absent ammonia criteria in 
pH- and Temperature-Dependent Values Aquatic Life Criteria for Total Ammonia Acute Criterion, and 
pH- and Temperature-Dependent Values Aquatic Life Criteria For Total Ammonia Chronic Criterion of 
the Kansas Surface Water Quality Standards.  These criteria will be protective of those sensitive species 
expected to be present in Kansas waters, specifically unionid mussels. 
  
Approval of a Multi-Discharger Variance to Ammonia Discharges for Lagoons 
 
In 2018, Kansas adopted a multiple-discharger variance (MDV) that applies to approximately 48 
lagoons. As discussed above, 3 of the lagoons covered by the MDV are located on streams in 
occupied or critical habitat for the federally-listed aquatic species described above. The MDV 
establishes an interim requirement reflecting the highest attainable condition (HAC) that results in 
end-of-pipe water quality-based effluent limits for ammonia that are less stringent than WQBELs 
based on the applicable ammonia criteria but will result in an overall reduction of ammonia loads to 
the relevant waterbodies. The HAC that reflects the greatest pollutant reduction achievable is 
determined on an individual discharger basis. The EPA conducted site-specific analyses as part of 
this BE to make an effects determination.  


Given the results of its analysis, the EPA has concluded that this multiple-discharger variance 
enables these lagoons to develop and implement a discharger-specific ammonia permit limit that 
reflects the HAC. The MDV does not allow lagoons to increase the discharge of ammonia from 
what is currently being discharged. Rather, the MDV requires the permittee to develop and 
implement strategies to identify and control sources of ammonia discharged in the effluent. The 
MDV itself is designed to reduce wastewater effluent levels of ammonia so that the ambient water 
quality levels found in the receiving waters for these lagoons are limited to the extent feasible. In 
implementing the MDV through NPDES permits, these lagoons will progress towards the goal of 
attaining the ammonia criteria through implementation of pollutant control activities to achieve its 
discharge-specific HAC. 


As mentioned above, all lagoons eligible for the MDV could necessitate ESA consultation due to 
their potential co-occurrence with listed species or critical habitat. For lagoons, Kansas’ cost analysis 
showed that communities could not afford to install any additional pollutant control technologies. 
Kansas believes that adoption of the ammonia MDV is necessary because the additional cost of treating 
wastewater to comply with the water quality-based effluent limits necessary to meet the revised 
ammonia criteria would result in substantial and widespread economic and social impacts in Kansas 
during the variance period. Therefore, the HAC for lagoons includes the interim effluent condition 
that reflects the greatest pollutant reduction achievable with the pollutant control technologies 
installed at the time, and the adoption and implementation of a pollutant minimization plan (PMP) 
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to make as much progress as is feasible. This HAC approach complies with 40 CFR § 
131.14(b)(1)(ii)(A)(3). K.A.R. 28-16-28h describes the PMP requirements for lagoons.  
 
The EPA's approval of the MDV acknowledges that Kansas’ applicable WQS for receiving waters 
of lagoon discharges are neither attained, nor attainable for the variance period for the specific 
reasons provided. However, because this MDV is intended to catalyze incremental water quality 
improvement in waters where it is not feasible to immediately attain the underlying designated use 
and criteria, and because the MDV does not allow the permittee to increase discharges of ammonia 
that would result in lowering the currently attained water quality, the EPA anticipates that its 
approval will result in reduced in-stream ammonia concentrations and be beneficial to aquatic life 
during the term of the variance. In summary, the variance is designed to result in the implementation of 
feasible pollutant reduction activities to reduce ambient ammonia concentrations and lead to improved 
water quality and beneficial effects to Federally-listed species in Kansas that may not be realized in a 
timely fashion or even at all without the WQS variance. 


Aquatic Species 


The EPA has determined its approval of Kansas’ MDV as applied to the individual lagoons is NOT 
LIKELY TO ADVERSELY AFFECT any of the following listed aquatic species or their habitat: 
Neosho Madtom, Neosho Mucket, Rabbitsfoot mussel, Arkansas River Shiner, Topeka Shiner, 
Spectaclecase, and Pallid Sturgeon. Kansas’s MDV for lagoons will result in the implementation of 
feasible activities and monitoring to ensure that the lagoons are optimized and monitored so there is 
not an increase in discharges to Kansas freshwaters during the variance term. Accordingly, any 
effects of the MDV on the listed aquatic species identified above are wholly beneficial.   


Aquatic-Dependent Species 


The EPA’s approval of Kansas’ MDV for ammonia does not result in any further disturbance to 
habitat conditions where aquatic-dependent avian species are located. Therefore, EPA’s review 
focused on potential effects from ammonia enrichment of Kansas’ waters through potential indirect 
impacts to the food chain that could affect the birds' dietary regimes. Potential effects of elevated 
ammonia concentrations include changes to aquatic community structure that could impact 
abundance or availability of aquatic macroinvertebrates, fish, crustaceans, or aquatic plants. 
Because Kansas’ MDV ensures that dischargers will implement pollutant minimization steps and/or 
activities to reduce their ammonia effluent concentrations and make progress towards achieving the 
underlying ammonia criteria, the EPA expects the MDV for ammonia to lead to sustaining aquatic 
communities that provide for the dietary needs of the aquatic-dependent species and is not likely to 
adversely affect the habitat nor the organisms that comprise the diet of the aquatic-dependent bird 
species. In addition, the aquatic-dependent bird species covered in this consultation feed primarily 
on terrestrial insects and some feed on fruit, reducing the likelihood of any possible effects on their 
diet. Accordingly, EPA has determined that its approval of Kansas’ MDV is NOT LIKELY TO 
ADVERSELY AFFECT any of the following listed aquatic-dependent species or their habitat: 
Red Knot, Gray Bat, Northern Long-Eared Bat, Whooping Crane, Piping Plover, and Least Tern. 


7. CONCLUSION 


Kansas’ 2018 water quality standards submittal contained a number of revisions. This BE posed the 
question: will revisions approved by EPA adversely affect federally listed species and/or their 
designated critical habitats? Based on information presented and discussed in the preceding paragraphs, 
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there is little reason to believe that any element (or combination of elements) of this action will 
adversely affect listed species or their supporting habitats. On the contrary, the revised ammonia criteria 
will be more protective of the sensitive species and enhance the level of regulatory protection afforded 
the state’s streams and lakes, ultimately benefitting the resident biota and any migratory species visiting 
these waters. Kansas’ multiple discharger variance to the revised ammonia criteria for lagoons is also 
anticipated to be wholly beneficial for federally listed species in Kansas. Please let the EPA know if 
you need more information to complete the Section 7 consultation.   


No Effect 
The following listed species in Kansas are not found in aquatic habitats and do not depend on such 
habitats for their survival: Mead’s Milkweed, Western Prairie Fringed Orchid, American Burying Beetle 
and Black-Footed Ferret. EPA has made a “no effect” determination with respect to these species. 


Not Likely to Adversely Affect 
EPA finds that the approved changes in Kansas’ water quality standards is not likely to adversely affect 
the following species and requests FWS’s concurrence with its findings: Gray Bat, Northern Long-eared 
Bat, Whooping Crane, Red Knot, Neosho Madtom, Neosho Mucket, Piping Plover, Rabbitsfoot Mussel, 
Arkansas River Shiner, Topeka Shiner, Spectaclecase, Pallid Sturgeon and Least Tern.    


Likely to Adversely Effect 
EPA finds that none of the approved changes in the Kansas water quality standards is likely to adversely 
affect federally listed species or designated critical habitats. 
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